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GENERAL INTRODUCTION 

The science of Botany is concerned as fully as possible with 
ci evything that has reference to plants, either in a living or in a 
fossil state. It investigates their nature, their internal structure, 
their outward forms; the laws by which they are enabled to 
grow and propagate themselves; and their relations to one 
another, and to the other bodies by which they are surrounded. 
As a science, therefore, it is of vast extent, and one which requires 
for its successful prosecution the most careful and systematic 
study. AVe may look upon it as including several departments, 
which can he examined separately. It is very important to 
bear in mind that the objects of our study either are or have 
been living organisms, and to keep this fact prominently before 
us, whatever aspect of the plant may he temporarily occupy¬ 
ing our thoughts. Bearing it in mind, we may regard especially 
the peculiarities of outward 4'orm which plants present; some of 
extreme simplicity and of microscopic dimensions, globular or 
cylindrical in shape, and consisting of only a single vegetable 
cell, with no differentiation of parts; others strings of cells, 
others flat plates, others of considerable substance, showing 
various parts, each with its ov/n individuality. Such a section 
of the stud.vi is known as Morphology. AVe may again study 
the organism from the point of view of its internal structure, 
without reference to its form. We deal in this connection with 
structural units <JE plants; the vegetable cell as an individual, 
and the combinations of cells to form the filaments, plates, or 
masses of which the plant consists ; tracing the various modifi- 
1 cations of cell structure, the alterations in their forms, and the 
ways in which they are arranged together in the various parts 
vol. i. n 
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of the organism: this forms the department of Vegetable 
Anatomy or Histology. Again, we may try to realise more 
dearly the life of the plant, and study the way in which it 
carries out its vaiious \ ital processes, and reacts to its environ¬ 
ment. This section is known as Vegetable Physiology. An¬ 
other department is Taxonomy, which considers plants in their 
relationship to each other, and includes a knowledge of the 
principles upon which they may be classiiied. This is generally 
known as Systematic Botany. Geographical Botuny, again, 
deals with the distribution of plants over the surface of the 
earth at the present time, and investigates the causes of such 
distribution. PuLvopliytography, or Fossil Botany, considers 
the nature and distribution of plants through the past ages of 
the earth’s existence, and describes the structure of those found 
in a fossil state in the different strata of which the earth is com¬ 
posed. The first four departments only are those that come 
within the scope of the present work; the latter two being of 
too special and extensive a nature to be treated of in this 
Manual. There arc also several sections of what may lie called 
Applied Botany, which are founded on a knowledge of tile 
above departments, such as Descriptive Botany, Vegetable 
Materia Mediea, Agricultural, Horticultural, and Economic 
Botany, but to these special works are commonly devoted. 

In studying the subject the relationships between these 
different sections must be borne m mind. The student will soon 
understand that all questions of form and structure must be 
examined from the point of view of function, and will learn that 
all differentiation of the plant body has been determined by 
division of labour, or allocation of particular function to par¬ 
ticular parts. 

If we consider the ease of an ordinary tree, we find it incapable 
of locomotion and fixed m some particular spot of earth. In 
such a situation it has to maintain its position and take every¬ 
thing necessary for its nutrition from cither the soil or the air 
which Burround its different parts. The greater the amount of 
both with which it comes into relationship, the easier it will be 
for it to secure these ends. Hence the advantage of its great 
subdivision of both underground and sub-aerial parts. Similar 
considerations throw a great light upon the details of its super¬ 
ficial and internal structure. 
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CHAl’TEll I 

UKNKKAL MOKl'llOLOliY (IF T11K I 1 LA,ST 

Thk simplest plants, such as llio 1 it il Snow {Prulurocvun), or 
ricurorvccHx, consist ol a single piece of living substance, or 
a ll as it is tevmerl, which in form is more or less spherical or 
oval. New plants are formed b,\ the di\ision of this cell into 
two, sometimes of equal, sometimes of unequal dimensions. In 
Protocol run the cells separate almost as soon as formed, while in 
l"’ ii ivcoccu.'i they remain bound together lor a longer or shorter 

Tie. 1. i’’ni. 2. 
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period b,\ an en\ironing capsule of gelatinous matter, the result 
of a modification of a limiting men^brane or cell-wall. In plants 
a little more complex in structure w e find the cells still all alike, 
but instead of being separated and each becoming a distinct plant, 
or forming a smalj colony of cells, they are joiued end to end and 
form a muny-celled filament which is either straight or vari¬ 
ously curved, as in Oiuillaria (fig. 2). The most lowly of these 
plants—so far at least as is known—multiply by division of 
their cells only. A little higher in the scale we meet with 

u 2 
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plants in which, while certain of their cells perform the function 
of nutrition, others are set apart for the purpose of repro¬ 
duction. lu the common Moulds, such as Mnror (Jitj. If) or 
Eurotium ( fi </. 4), the cells which serve as organs of nutrition 
are elongated simple or branched filaments, termed hy)>h<r, 
which lie upon the surface and burrow in fhe mass of the sub¬ 
stance furnishing the plants with food; while others, destined 
to reproduce the individual, are dc\eloped in globular cavities 
(ni>o rangin'), as in Munir {Jig. 3) ; or arc arranged in necklace¬ 
like branches at the end ol' special lilaments. as in Eurotium, 
( ji'j • !)• 

Flo. 8. 
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A'et a little higher in the scale of \egetablc life we find the 
cells so combined as to form flattened expansions (Jig. 5), or 
solid axes (Jig. 6), as well as special organs of reproduction 
I fig. 5, i, t). But the cells are all more or less ,.al ike, so that 
no true distinction can be drawn between t lie often very different- 
looking parts we meet with in sueli plants as a seaweed or a 
mushroom. Such a combination of similar fells, whatever the 
precise form may be, which presents no differentiation of leaf 
and stem, is called a thallun or thaUumc. The. plants which 
are commonly known as Algie and Fungi usually possess such 
a plant body, and they have been grouped together to form a 
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division of the vegetable kingdom which bears the name 
Tliallopliyta in consequence. 

From the Thallophvta b\ various intermediate stages, 
through a division of plants called Liverwort*, we arrive at 
another gronp the Mosses. In the lower forms of the Liver¬ 
worts, e.g, Marehanfiu (fig. 7), we have a green Hat thallus-like 
stem bearing upon its under-surface seale-like appendages, which 
botanists have considered to be the first representatives of true 


Fin. 4. 



FUj 4. Another mould {Rtirotuun) • 
with reproductive cell* arrange*l 
in rows on a special branch. 
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Fm. 6. Timlin** or thnllomc of 
the common Bladder Seaweed 
{/•'item vem‘ttlo*H$). I. t. The 
lructiflcatlon. t\ v. Bladder*, 
contnininp air. 


leau's. In the higher forms, as ■lititganiainiia (fig. H), the 
stem and leaves arc both more highly developed. 

With the •exception of some the higher Mosses, such as 
1‘oli/trichii hi, all the plants so far described are composed mainly 
of cells which approach mote or less closely to the spherical or 
oval form, or width, if elongated, are thin-walled and commonly 
flexible. They are lienee often termed Cellular Plants, in con¬ 
tradistinction to others whose composition is much more com¬ 
plicated, causing them to be called Vascular Plants. These are so 
named on account of their possessing, in addition to such cells 
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(w hit'll are called /HUrm-hj/iiiiilti/ix), elongated, generally fhick- 
Fio. (i. Fm. 7. 
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walled cells, termed jm^enchywatoiis cells, or Jibrrx, and also in 


Fig. 8, 



Fig. H. .huifimnnnniu 
bidcutata. The stem is 
creeping, hih! l>enrs 
numerous small imbri¬ 
cated leaves. 


most cases variously formed tubular organs 
which are known as rexxeh. The distinc¬ 
tion between cellular and vascular plants 
is not, however, absolute, as certain of the 
Alga, afford undoubted instances of the 
occurrence of particular vessels known as 
sieve-tubes, much like forms met with in 
the highest fbAvering plants. In the higher 
Mosses, e.g. Poli/trichum SI and 10), 

the stems often contain elongated cells, 
whose walls are so thickened and chemi¬ 
cally changed that they differ little from 
tin- true wood-cells met with in the more 
highly enveloped plants. C#rrelated with 
this greater development of the organs of 
nutrition we iind the reproductive appara¬ 
tus showing a more con$>lex structure, as 
will be hereafter described. The Liver¬ 
worts and Mosses are, however, destitute 


of vessels, such as exist in the next and all the higher groups of 


plants. 
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Htifl ascending, we find in the Fermt [fig. 13), Honrtail* 
{fig. 121, l'rppnioortx, Chth-nmxxcx (fig. Ill, and h'rhit/inellax 
a continued advance in complexity of structure ; vessels of 
different kinds make their appearance, and the stems are fre¬ 
quently of considerable size and height. Gal am He*, an order of 


Fro. !). Fio. 10 . 
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Fty. a. Plant of the Hair-mos* (/Ww- 
tnchum ctmmim (, With leave', 'teui, 

and 'itoro/onhmi.- Put. 10. Plant 

ot the hi me, with “tern anil leave*, 
,nnl tormiuntwl L»v the male organs 

(anthrrulxn) - Fit?. 11. The common 

(’Inli-moss ( Luco//i«hiim clavntum). 

- -Fvj. 12. Termination of fertile 
branch of the (irettt Water Horsetail 
(Htfinicfinn marimum). 





extinct plants alljed to the Horsetails, which were extremely 
abundant during the formation of our coal measures, appear to 
have reached the height of our loftiest trees; while at the 
present day in the tropics and warmer parts of the earth 
Ferns frequently attain the height of twenty feet {fig. 14), and 
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sometimes eveu us much as forty feet. Such Ferns bear on their 
summits a large tuft of leaves, or, as they are commonly called, 
fronds, a term applied to leaves which, like those of Ferns, bear 
organs of reproduction. 


Fio. 13. 



The plants which have been men¬ 
tioned so far havl been called Crypto ¬ 
gams , o r Flowcrless .Plants. As wc 
shall see later, this designation is not 
properly applied to all of them. They 
are especially and more fitly charac¬ 
terised by not producing the special 
structures known as seeds. 

All plants above the Cryptogams, 
from possessing evident flowers, are 
termed Phanerogams, or Flowering 
Plants. These latter plants arc 
marked off from all the lower forms 
by bearing seeds. 

The 1‘hanerogams present two 
well-marked divisions, called respec¬ 
tively the Amjiosjtermia and Qymna- 
sprrnna: the former including those 
plants in which the seeds originate in 
a case called an o vary ( fig. 398, o, o); 
and the latter. bucIi plants as thp Fir 
and Larch, in which they do not. In 
the Phanerogams we have the highest 
and most perfect forms of plants. 

A survey of the forms, presented 
by the various plants constituting the 
vegetation of the globe shows us thus 
an extraordinary variety in external 
shape, in actual dimensions, and in 
peculiarities of internal structure. 
The simplest with which we are 
famjhar exhibit only a" roundish or 


Fig. 13. The Male Fern 
(A npidium Filix-ma <) 
(£ natural size). 


ovoid body, with no differentiation of 
parts, consisting only of a minute 
mass of living substance, or protoplasm. 


which may or may not be surrounded by a definite limiting 


membrane or cell-wall. Each plant is said to consist of a single 
cell. Generally, with larger size we find the living substance 
consisting of a number of cells, separated by partition-walls. 



varied; but in the ease of organisms higher in the scale, it is 
found there is*u tendency to assume only two forms, which recur 
in constant alternation with each other. Each form is character¬ 
ised by producing a special kind of reproductive organs, and bears 
a name indicating their nature. The common Pern is perhaps 
the most easily studied illustration of this. In the form usually 
recognised as the Fern plant, the plant body is found to carry 
out the process of reproduction by certain cells which are known 
as spores. These are aftrxval reproductive cells: that is, each is 
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capable by itBelf of producing a new individual. This form, as 
it bears only spores, is known as the s/iornphi/fr, or spore-bearing 
generation. The other form, a little green flattened body, gener¬ 
ally about, a quarter of an inch in diameter, called the prof hallux 
(fig. In), produces sr.rnnl organs, which give rise to reproductive 
cells of two kinds known as gantries. Nefther of these can by 
itself give rise to a new organism, but after a proeess of fusion 
of two of them, one of each kind, the resulting cell can originate 
such a development. The form of the individual arising from 
the spore is always a prothaljim, and that which is developed 


Fin. 15. 
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I from the fused gametes of the latter, which unite to form a cell 
f' called the oospore or stniai r. is the new Frrn. 

In some plants the sexual cells arc apparently all alike, but 
in most they differ in shape, size, power of motion, Ac. Whether 
•similar or dissimilar, they are known as gantries, and the phase of 
the plant which bears them pi consequently called the gamrtn- 
phyie. 

In many plants the sporoph.vte produces two kinds of spore, 
each of w hieli gives rise to a special form of gametophyte. In 
such cases the two kinds of spore differ very greatly in size. 

In all the higher plants the two forms regularly alternate, 
the sexual cells of the gametophyte giving rise to the sporophyte, 
and the spores of the latter reproducing the gametophyte—the 
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lift* history of each plant so exhibiting what is known as an alter- 
■nation of generation ft. 

in the lower forms, among the Algie and Fungi, another 
variety of alternation is met with. Their gametophv les. in many 
cases, bear asexual cells as well as gametes, and frequently the 
gametes are not developed, so that mam asexual generations 
often follow each other before a sexually produced form recurs. 

The asexual cells which arise upon the gametophyte are 
called gonidia. The.v do not differ essentially from spores. 

Among the lower plants the gametophyte is usually the more 
prominent of the two forms described. In the Mosses the 
two are almost equal in degree of development. The gameto¬ 
phyte is the so-called moss plant, and consists of an axis fur¬ 
nished with numerous leaves. The sporophyte consists of a 
swollen head or capsule, supported on a stalk of variable length, 
and remaining attached to the gametophyte. It forms the body 
which is often somewhat loosely spoken of as the fruit. 

Above the Mosses the tendency is to greater development of 
the sporoplivte and retrogression of the gametophvte. In the 
Ferns and the higher Crvptogams the plant known under the 
ordinarv name of Fern, Hornet nit, or Clnb-moint is the sporo- 
phvte, and the gametophvte is a small structure, consisting of onlv 
a plate of cells, or a small tuber-like mass, and showing little or no 
segmentation ol its body. In the dowering plants the retrogres¬ 
sion of the gametophyte is still more marked; they possess two 
kinds of spore, each of which gives rise to an appropriate 
gametophyte. one bearing male, the other female gametes. The 
gametophvtes produced bv the small spores, or mie ronji orex, 
which are .often spoken of as iiolle n^j/rninit, consist of long 
tubular outgrowths, which difring their development bore their , 
way into the structures among which the large spore and its . 
gametophyte are found. The gametophvte arising from the ; 
large spore, or igexfiUpmx—QX jjujirijo jtijc, consists, in one large 
section of the flowering plants, the Gymnosperms, of a cellular 
mass which is developed inside the spore, and completely tills it. 
In the other section, the Angiosperjns, it is similarly hidden in 
the interior of the spore, but it consists of only a few cells, some 
of whicli are not even furnished with cell-walls. 

Above the Thrllophyta the cell produced by the fusion of 
the gametes gives rise to the new individual while still attached 
to the gametophyte, so that the sporophyte appears to spring 
out of the latter. The spores, on the other hand, of whatever 
kind they may be, are generally set free from the sporophyte, so 
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that the gametophyte appears as an independent structure. As 
already mentioned, this is not the case with the Phanerogams. 
These produce two kinds of spore: the smaller ones only are set 
free, subsequently giving rise to the gametophyte or paUrn tube 
which hears the male gametes ; the larger ones remain always 
attached to the sporophyte, each producing its appropriate 
gametophyte in its interior, and ultimately leading to the 
formation of a special structure called the sent. 

The body of the plant, whether gametophyte or sporophyte, 
may show various degrees of complexity of form. Tt may be 
evidently divisible into parts, or mnnhrrs, which may be all 
alike, or may be dissimilar; or, again, it may show hardly any 
such segmentation. In the great majority of eases the body 
consists of two dissimilar members, characterised by growth in 
opposite directions; these are then called the root and the 
shoot. Both of them generally exhibit appendages springing 
from the main body ; but while those of the root are like the 
member from which they arise, those of the shoot may be of 
two kinds, some like, others unlike, that on which they are 
borne. Those which are like it, are known as hranrhrs ; those 
unlike it, leans. \Yc can distinguish between thallcud shoots 
and haft/ shoots, according as branches only, or branches and 
leaves, can be recognised on the shoot. Boots almost always 
bear brandies only, loaves occurring on them only under very 
exceptional circumstances. A further difference between the 
root and the shoot consists in the fact that the latter always 
bears the true reproductive organs. The part of the shoot 
which giveH rise to the appendages is termed the stem, and the 
stem and main root together constitute the axis of tjie plant. 

Plants which show a differentiation of their shoot into stem 
and leaves arc called ('oniio/iliytes. The prominent form is in 
most cases the sporophyte, and the distinction between the 
two parts of its axis as to tile direction of their growth can fre¬ 
quently be seen from the very commencement of its development. 
The cell formed by the fusion of the gametes, usually called the 
oospore, is first divided by a ^■ell-wall, known as flic basal wall, 
into two segments, of which the upper one, or rpibasal cell, 
develops the shoot, and the lower, or hypobasal one, ultimately 
gives rise wholly or partially to the root. TSo primary root and 
the primary stem are thus always opposite to each other. 

Those plants whose shoots show no segmentation into stem 
and leaf are known as Thallophytes, and the plant body is called 
a Thallus. 
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The tballoid shoot may be regarded as intermediate between 
a true thallophyte and a corwophyte. 

The relative development of root and shoot may vary very 
greatly. In most of the loweV plants the root is frequently of 
very small size and very simple structure. In the great group 
of Algte or Seaweeds*in which the gametophyte is the promi¬ 
nent form, this member is ne\er \ery greatly de\eloped, though 
the shoot of the same plant may attain large dimensions. In 
some of the filamentous floating forms it can hardly be said to 
exist, being often only indicated b\ the single hypobasal cell 
persisting at the end of the filament, and this having only a very 
short duration. In the sporophyte of the higher cormophv tes 
both root and shoot are well developed and much branched, the 
shoot being still relatively the greater. 

T1 ie shoot usually shows much more differentiation than 
the roof. Its axis, the stem, gives rise to branches and to 
leaves. The branches in turn may giv e origin to other branches, 
and these to others, thus forming an elaborate branch system. 
Each branch, like the main stem, also produces leaves. The 
leaves, on the other hand, though often very much branched, 
or compound, never bear other leaves. 

In the higher cormophvtes, in which the sporoph.vte is the 
prominent form, it produces special shoots tor the purpose of 
hearing the reproductive cells or spores, t'sually these cells 
arc home on special leaves, which arc then called s/wroplujlls. 
Sometimes these sporoplnlls very closely resemble the ordinary 
leaves, as in many Ferns ; sometimes they differ from them v cry 
markedly in appearance and structure. The special shoot of 
which they are the leaves is then known as the flown-, and the 
branch s.vstem constituted I* the flowers is called the inflo¬ 
rescence. In most cases fills is sharply marked off from tile 
general branch s.vstem. The flowers have usually, besides the 
sporophylls proper, certain other external leaves which do not 
themselves bear spores. 

In the lower plants, when the spores have become mature, 
the.v are detached from the parent [jjant and germinate indepen-j 
dently, giving rise to a separate gametophyte. in the flowering 
plants, where the spores are of two sizes, it is only the micro-] 
spores or pollen grains which are so dispersed. The megaspore , 
or embryo sac, germinates in the sporangium, or ovule, and 
gives rise to its peculiar form of gametophyte within itself. 
By certain appropriate mechanisms the gametophyte arising 
from the pollen grain is brought into relation with that developed 
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from the embryo sac, and the gametes from the two unite as 
in other cases to form an oospore. This fusion, which is known 
as the fertilisation of the oosphere or female gamete, is followed 
generally by a certain developmeilt of the neighbouring parts. 
Even when the gametophytes are developed apart from the 
sporophyte, the act of fertilisation is often attended with the 
same result. The body thus produced is known as the fruit. 
in the latter cases the fruit is altogether a development of the 
gametophyte; in the former, the parts which form it are de¬ 
rived from the sporophyte, to which the gamotophyte remains 
attached. In this way, in the flowering plants, the l'ruit is 
developed from the central portion of the flower. 

The consequence of the megaspore, or embryo sac, of the 
highest plants, always remaining in the sporangium, or ovule, 
and the gametophyte derived from it never having an indepen¬ 
dent existence, is the production of another structure, lound at 
maturity usually within the fruit, and known as the seal. AVhcn 
the gametophyte has been dev eloped it bears normally one sexual 
cell or gamete, known as the misjiheie. This is fertilised by the 
male gamete while the whole gametophyte is still in the interior 
of the sporangium, and the oospore resulting from such fertilisa¬ 
tion germinates at once, starting the growth of the new sporo¬ 
phyte This growth takes place at first within the sporangium, 
and proceeds for a longer or shoitei period till the form of the 
new sporophyte is clearly indicated in its parts. Then the 
growth temporarily stops, and the sporangium with its contents 
becomes separable from the sporophvte. The sporangium or 
ovule has now become the seed, a structure which, from tiie 
peculiarities of development indicated, is confined to the flower¬ 
ing plants. It contains the new sporophyte, known as the 
emhnjo, besides enclosing the remains of the gametophyte 
which gave rise to the latter, and which may or may not con¬ 
stitute the greater part of the structure. 

After the seed has been detached from the sporophyte 
it remains quiescent for a variable time, but under appro¬ 
priate conditions the temporarily suspended development is 
resumed, and the new sporophyte soon attains an independent 
existence. 

The formation of the seed is thus a special feature of those 
plants in which the megaspore does not become detached from 
the sporophyte, but develops in situ. This important peculiarity 
marks off the large class of Phanerogams or flowering plants 
from those below them in the scale of development. In such 
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of the Jatter, known as the Cryptogams, as have megaspores 
the latter are always detached from the sporophyte, and 
therefore seeds are not produced. 

If we compare the forms df the gametophyte and sporophyte 
in such plants as plainly possess both, we can notice that the 
gametophyte is usually*a thallus, but is eormophylie in the larger 
Algae, the Jungermannias fa family of the Liverworts), and 
in the Mosses. Tile sporophyte is but seldom recognisable 
among the Thallophytes, many of which indeed possess only a 
gamophytic form, but it is a thallus in such of the Alga' and 
Fungi as possess one. With few exceptions it is a cormophytc- 
in all plants above the Mosses. In the higher plants it 
presents us with a series of members. We may distinguish the 
root and the shoot; the latter including \ arious forms of branches 
and different kinds of lea\es. Its most important members are 
the stem, the vegetative branches, the inllorescenee, and the 
Mowers ; the leaves, some foliage leaves, others sporoj'hijlls : 
lastly the fruit and seed. 

The gametophyte is seen at ils best in the Alga 1 , Fungi, 
Liverworts, and Mosses. Here it may show root, stem, and leaf, 
or it may be only a. thallus or a thalloid shoot. Above the 
Mosses it is gradually and progressively reduced, being never¬ 
more than a thallus above this point, and gradually becoming 
less and less prominent, till at last it consists of only a few 
cells in the interior of the megaspore. 

The vegetative members of the plant may now be considered 
in greater detail separately, the morphology of the special 
reproductiv c members being deferred to a succeeding chapter. 

ThALLOVHYTKS. 

The Thallus, 

The thallus may consist of a single cell, or may be composed 
of many cells. It shows scarcely any distinction of parts or 
segmentation, apd but little differentiation of its internal tissues. 

•It is often possible to sec a divieion’into root and shoot, but in 
sueli cases the former is only very slightly differentiated and 
often consists of only a single cell of the embryo. There is 
never any particular difference of structure between them. When 
a thallus is composed of more than one cell it may be a filament 
or a collection of filaments, or a Mat plate often only one coll 
thick, or a mass of some size. In the last two cases it may bear 
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a number of hairs from any part of its surface. In some cases, 
as in Volvox, it is a spherical body capable of active movement 
carried out by special filaments or cilia, which move rapidly to 
and fro in the water in which the plant lives. It may lie 
branched, certain branches being like the main body, and 
others specially modified to produce the reproductive organs. 

The thallus is seen best in the lowest plants, whore generally 
the whole plant body is of this description. It is the prominent 
form in most Fungi and Alga; is that of the gametophytes of 
the Ferns and most other Vascular Cryptogams and of the 
-Flowering Plants. The sporophvtc is less frequently a thallus, 
hut this is the case in such of the Alg.e as possess one, and 
in a few exceptional Phanerogams ; c.g. Wolffin arrhLn , 
Lopliogtjnc, etc. 

CoKMOl'HYTES. 

For mam reasons it is most advantageous to commence the 
study of the morphology of cormophytic plants with the most 
highly differentiated forms. These are to be met with in the 
great group of the Phanerogams, and in particular in the section 

known as the An- 
giosperms,to which 
all our ordinary 
plants with con¬ 
spicuous flowers 
belong. The promi¬ 
nent form in these, 
as we have seen, is 
the sporophyte. 

If we examine the 
seed of one of these 
’’ Angiosperms, t'.g. 
• that ot the common 
Pea, we find it con¬ 
tains the embryo or 
young plant in a rudimentary form. This embryo is shown in 
Jig. 16. It consists of a, distinct central axis t, which iH some¬ 
times called the tigdhun, the lower part of which is known as 
the radicle, r; the upper part, which beai;s two or three rudi¬ 
mentary leaves, is known as the plumule, n. This axis is united 
to, or bears, two fleshy masses, or lobes, which are its leaves 
or cotyledon k, c. The part between the attachment of the coty¬ 
ledons and the radicle is sometimes called the hypocotyledouarv 


Fm. Hi. 


Fin. 17. 



/w. i#. Dicotyledonous embryo 
ot the l J ca, laid open (magni¬ 
fied). /■. The radicle, t. The 
axis (/ gipucotiil >, terminated by 
the plumule, it. r Tlie coty¬ 
ledons.- I'w- 17. Suction ot 

the fruit of the Out. p. Plu¬ 
mule. i. Jhitlide. s. ScutelUuu. 
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portion or hyjjucutyl, and the portion abo\e the cotyledons, the 
epicotyledonary part or cpicotyl. Plants, like the Pea, which 
hear two cotyledons, are grouped together to form a great class 
known as the Dicotyledonx. In ninny spoils embryos are found 
which possess only one cotyledon. Such are the embryos of 
Grasses {fig. 17). These plants form another great group 
known as the Monocotyledons. 

When such a seed as the Pea is placed under favourable con¬ 
ditions, its embryo begins at once to develop, the radicle growing 


Pin. 1H. 



Fin. IB. Lomrituduml ‘■ecticm oi the ape\ ot a loot ot Buckwheat 
a. <lro\\mp point, h. Root-cap. 

in a downward direction, while the plumule extends itself up¬ 
wards. AVe tlujs can distinguish between the two parts of the 
“axis according to the direction of *tneir growth, From the 
lower portion is formed the root system, from the upper portion 
the shoot, conaistingjof the stein and its appendages. 

Section i.~ The Root. 

The root is seen thus to be the descending axis of tiie plant. 
It usually attaches the plant to the substratum on which it 
X'OL. i. c 
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grows and absorbs nutriment therefrom. It presents certain 
features which distinguish it at. once from the stem; though it } 
may branch repeatedly, it only bears such appendages ns are 
like itself; it never bears true reproductive organs, and only 
under exceptional circumstances does it give rise to leafy shoots 
or leaves. Its growth takes place by inAcase of its substance 
immediately behind its apex, so that the growing region (a.fiy. 18) 
is always internal and protected by a thin cushion or cap of 
tissue known as the root-rap (h,fiy. 18.' r, fiy. 19). Tn those 
roots which grow in ordinary soil, the root is furnished, a little 
way behind the apex, with a number of very delicate outgrowths 
from the surface, which penetrate into the crevices between the 
particles of the soil, and come into very close relationship with 
them. These structures are known as the mot- hairs ; they are 
the structures through which absorption IronUthe soil takes 
place. They are not distributed over the whole surface, but only 
occupy a small space not far behind the growing point (fig. 20). 
These hairs are not to he regarded as appnutagr *, m the sense 
already mentioned, for all parts of the plant agree in being able 

to give rise to similar 
structures. They are t 
only outgrowths of ' 
the external rmer- 
ing. 

The direct pro¬ 
longation of the radi¬ 
cle downwards forms 
wlmt is know n as 
the primary root. 
This may grow to a 
great size, persist¬ 
ing through the life 
of the plant. It is 
usually tapering in 
form, and hears 
numbers of branches, 
which may them 
selves branch re¬ 
peatedly and so give 
rise to a large root- 
tlms persistent and 
stronger than its branches, it forms what is known as a tap¬ 
root. On the other hand, it is not unusual for the primary root 


Fin. 19. Fin. 20. 




/’»•/. 19. Young plant ot Lemwi (J)ttvktrred). / Hoot 

cap.-/’»(/. 20. Ultimate branches ot a root, 

showing position of r«K>t-lmir«. 

system. When the primary root is 
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to develop only to a slight extent, and to he speedily surpassed m£"f 
vigour by its branches. 

The branches of the primary root, like the latter, always 
have their apices covered by a root-cap. They arise, with very 
few exceptions, withjn the tissues of the primary root, and in 
their growth bore their wav outwards through its external| 
lav era. They arc known as seromhi nj roots, and they in turn 
produce tntuny roots, and so on. In their order of develop¬ 
ment each branch normally arises nearer to the apex than the 
one before it, so that the youngest is always the nearest to the 
tip. This mode of origin is known as ncrnprinl nucrrsmon. 

Fin. ‘21. 



Fio 21. The Bstm.m-tree (Hem imhcn ) 


It is not confined to roots, hut is a feature of branching in 
general. 

Occasionally, however, roots arise at other places than 
their normal point of origin. Such are known as advcniitiowH- 
roots. Examples may he seen in •the roots produced upon the i 
stems of the Ivy and other plants, by which they are enabled to . 
attach themselves Jo the surfaces over which they ate climbing. 
Very frequently rtiots of this description arc developed"'from 
injured surfaces, as in the case of those plants which are pro¬ 
pagated by means of cuttings. When a young twig of a Geranium 
is severed from the stem and its cut end embedded in moist soil, 
it shortly puts out these adventitious roots from the cut surface 
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and develops into a new Geranium plant. Adventitious roots 
can also be made to arise from leaves, as in the ease of some 
species of Begonia and of Bryophyllum. In many other 
plants aerial roots belonging to this class are given off by the 
stem oi'Tjranehes, which descend to the gropnd, and, fixing them¬ 
selves there, not only act as mechanical supports, but assist the 
true root in obtaining food. Such roots are well seen in the Banyan 
or Indian Fig-tree (fig. 21), and in the Mangrove (fig. 22). 

The primary root and its branches constitute what is often 
called the root system. Its form depends upon the relative 
dimensions of the main root and the branches. When the 

former persists and is 
always stronger than 
its branches, we have 
the tap-root and its 
modifications. Each 
branch in such a 
system is usually 
stronger than the 
branches to which it 
gives rise. 

Sometimes the 
primary root is but, 
slightly developed, and 
gives off from its sides 
a multitude of delicate 
branches which are 
more or less fibrous. 
Sometimes again it 
divides at once into u 
number of slender 
branches or rootlets. A root system of this kind is seen in 
our annual Grasses (fig. 30). 

The characters of the root system and of the individual 
roots are always determined b,\ the peculiarities of the lives of 
the plants to which they belong. Some plants five for a year 
only, springing from seed, flowering and dying in a single 
season. These are known as Annuals. Their roots are always 
of small size; they may be either entirely secondary, springing 
in a tuft from the very short primary one, or there may be a 
thin tap-root with a number of smaller branches springing from 
its sides. 

Other plants live their lives during two years. In the first 


Fin. 22. 



I'nj 2‘J The Mangrove-tree UtJn:ophora Mtnti ?.V). 
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they produce leaves and manufacture a considerable quantity 
of food materials. At the end of the summer this is deposited 
in the root, which grows to a large si/e and becomes fleshy 
and succulent. Such roots are shown by the Radish, Turnip, 
and Carrot, which are spoken of as fusiform, napiform, and 
conical respectively* (figs. 21), 24, 25). In the nest year the 
plant produces its flowers and seeds, using up the stored food 
supply during the process of growth and flowering. These 
plants are called Biennials. 


Fm. 23. 



Fia. 24. 


Fig. 25. 



/ ){/. 23. Fusiform root ol I he common 

Ihuliph ( liaplttw it * sat it' ns). - 

Fig. 24. Nfipiform root of the Tur¬ 
nip (Biamca lla/xi). - Fig. 25. 

(Conical root of the Carrot (/Mucus 
(Vf rota ). 


A very large number of plants, as wc can easily observe, 
live for many years. Some of them, however, die down to the 
ground every winter, the root system being the only part 
which appears to persist. The roots of these plants also serve 
as storehouses for food matcrialiTwhich are used in the. suc¬ 
ceeding" spring as*hc stems reappear and active life is resumed. 
Such plants are the Dahlia (fig. 28), and some Orchids (figs. 20 
and 27). Those perennial roots in many cases are woody, like 
those of plants whose stems also survive the winter. In the 
case of the Dahlia, we find the roots which store the nutritive 
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material are secondary roots, the primary one not oeing 
developed, as is the case in the Grasses. In the Orchis wc 
have a pair of these succulent or tuberous roots, one of which 

i'w. 20. Fin. 27. 



//{/. 2i> Tuheieuhu loots' ut an njelii".-- / /»/. 27. l\tJni;tto<] tulwrctilar 
loots-ol .motliei nielli". 

Flu. *28. * Fit;. 21). 



/’#//. 28. Fiirieieulated root,-, ol t lie Dulilia.- I'm. 21). Ivululose root of the 

eoumion Drojmort (Spirant FtlijtnolulU). 


perishes every year, while another is developed side h\ side 
with the remaining one. 

The main root in these plants nm\ also he the storehouse of 
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the foot! material, but it never attains the peculiar development 
of the root of the biennial plant. 

Woody roots are commonly perennial in themselves, and 
arc not renewed. 

Certain peculiarities arc shown by the roots of plants winch 
do not grow in the soil. Those which arc to be met with in 
water arc usually long, unbranched, somewhat fleshy or succulent, 
and devoid of hairs. They may be denominated aquatic roots. 


Fin. 30 



Fio. 32. 



I'ii/.m. Fibrous root* of u Ciia--.- 

h'W- 31. Moniliforui or beaded root. 

- l'iq. :I2. Anmilitled root of Ipe- 

t'.u'uanba (Cephat Its Ipecacuanha). 


Two other (Jassos of plants also show modifications which 
’depend upon their peculiar mode ofAifc. These are epiphytes 
and parasites. 

Boots of Epiphytes or Air-plants .—In many of these plants 
special aerial rSBTBTtPB produced (fiq. 33, a, a), and as these nev er 
roach the soil they cannot obtain any food from it, but must ^ 
draw thoir food entirely from substances supplied to them by, 
the air in which they are developed; hence the name of air- 
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plants which is applied to them. They arc also called epiphyt es , 
because they commonly grow upon other.plants. They have 
frequently also small roots of the ordinary type, which penetrate 
into cracks or crannies in the bark of the supporting plant, 
enabling them to absorb small quantities of food from the debris 
which accumulates there. Many of the*tropical Orchids (fig. 
Bt!) afford us illustrations of epiphytic plants. The aerial, roots 
of such plants are frequently green and serve as organs for 
constructing food. The aerial roots of Orchids have a layer of 
usually very delicate fibrous cells covering them, which assists 
in the absorption of moisture from the air. 

Hoots of Parasites. —These arc plants which not only grow 
upon others, but which, instead of sending roots into the air 



and deriving food-material from it, as do the epiphytes, insert! 
peculiar root-like bodies into the tissues of the plants upon j 
which they grow, and obtain nutriment from them. The plant! 
which they thus penetrate and feed upon is termed their host ; 
and the sucking roots arc called hausturia. They differ from 
true roots in the manner, of their~bngnmlioij, as we shall see 
later. The Mistletoe (Viscum album), Broom-rapes ( Urobanche ), 
Dodders (Ouscuta) (fig. 34), and Rafficda Arnoldi (fig. 35) 
may be cited as examples of such plaiits. These parasites 
differ from each other in appearance ; some have green foliage, 
as the Mistletoe; while many others are pale or brownish or 
possess other tints than green, as the Broolu-rapes and Bafilrsin. 
••/^Parasitic plants vary in the degree of their parasitism; 
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fthe Mistletoe an<l the greater number of parasites are, so 
, far as their roots arc concerned, entirely dependen t upon the 
plants on which they grow for their food. Others obtain food- 
•"material at first, like other plants, by means of ordinary roots 
; contained inTTic soil; but afte r having urrhed at a certain age 
these perish, and llisy then derive their food entirely thr,o_ugJi 
Jiaustoria which penetrate the plants upon which they grow. 
Others, again, continue throughout their life to obtai n a portion 
of their food-material by means of roots embedded m the soil 
1 while they possess in addi tion haustoria which are inserted into l 
the roots of plants growing side by side with them. These are I 

Eli., lit. 



often called rool-pitnuiiteti ; besides taking in nutritive material 
from the soilTmd from their host plants, they absorb certain con¬ 
stituent elements of their food from the air by their green leaves. 

It will thus be seen that parasites differ from other plants in 
that they are not entirely dependent for the raw materials of 
their food upon the soil and the air, but that they derive at least 
some of it in #n assimilable state from the plants on which they 
grow. Those which are green, like the Mistletoe, obtain certain» 
constituents of their food, like ordinary plants, from the air;} 
those which liavij no green colouring matter derive all their? 
nourishment by their roots from the plants on which they live.)! 
It consequently happens that parasites, by living partially or 
entirely upon those plants on which they are placed, frequently 
injure and even destroy them, and in this way great dninage 
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is done to Clover, Flux, and other crops in this country and 
elsewhere. 

Besides the parasites just described, there is also another 
class of plants called aa pronh uh's, which, whilst agreeing with 
(parasites in deriving their food from already formed organic 
imaterial, differ 7rom this latter class by growing on dead organic 
'(substances, and therefore assimilating such matter as is in a 
state of decomposition or decay. Such plants as Monotropu 
Hypopithyx, Corallorhisa iniuita, Epipoyiwm Gmeluii, and 
Neotlia Nidua-rwin, together with the greater number of Fungi, 
are examples of Saprophytes. 

In the plants which are lower in the scale than the Vascular 
Cryptogams, the roots arc generally of a v cry simple type. In 
all of them the root may be described as the descending axis of 
the plant, as its growth is always in the opposite direction to 
that of the shoot. It may be extremely rudimentary, us in some 
of the lowest of the Algic or Seaweeds, where it consists only 
of a single terminal cell, which soon perishes. 11 may be formed 
of a mass of cells, sometimes tapering ami branched, and hardly 
distinguishable from the thulloid shoot to which it is attached; 
or it may be a long hair-like structure, much resembling the rout- 
hairs described as arising on the roots of the sporophyte of the 
higher forms. In these lowly forms the root is only recogni¬ 
sable in the gametophyte. The sporophyte is ne\er bo far 
differentiated as to possess one. 

There are not wanting instances again of plants which bear 
no primary root at all. Such are the gametophytes of the Liver¬ 
worts, the sporophytes of Salvinia aud Peilotum among the 
l’teridophyta, and of Utricularia, lipipot/iuiit, and ('<>raUorhi;:a 
among flowering plants. The functions of the root fire in these 
eases discharged by modifications of other members of the plant 
body, or by adventitious roots developed after tile stem and 
leaves have been differentiated. 

fchsenoN II.— Thk Shoot. 

A. The Stem. 

The stem is that part of the axis which at its first develop¬ 
ment hi the embryo takes an opposite direotiai to the root; it is 
termed the ascending axis, and bears on its surface the leaves and 
other leafy appendages (fly. 36, f). It usually grows vertically 
into the air, though this is not invariable; sometimes it is slender 
and weak, and trails along the ground ; sometimes it buries 
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itself beneath the surface and in general appearance resemble* 
the root, rom which, however, it con be distinguished b,v bearing 
leaves. The presence of leaves is therefore the essential cha¬ 
racteristic of a stem, in contradistinction to a root, from which 
such structures arc normally absent. 

The appendages of yie stem arise in ucropetal succession, as 
do those of the root; but, unlike the latter, their places of origin 
arc very definite. We can distinguish on a stem the points 
from which they arise, which are known as nodes (fig. t!8 c,c,c). 
Each node may produce one leaf or more, and in the axils of the 
foliage leaves, or the angle formed between the stem and leaf, a 
branch or branches may arise. The branch in many eases is not 
developed far, though it is always 
indicated. The spaces between the 
nodes, which arc always naked, are 
called inti'modes ( fig. 38, <1, <l). The 
difference in appearance between the 
nodes and inlernodcs is most evident 
in thobe cases where the internodes 
are clearly developed, especially if 
under such circumstances the leaf or 
leaves which arise encircle the stem, 
as in the Bamboo and other Grasses. 

In such plants each node exhibits the 
formation of a hardened ring bulg¬ 
ing externally, and thus produces the 
appearance of a joint or articulation. 

In some cases, the stem easilv sepa¬ 
rates into distinct portions at these 
joints, as in •the common Pink, the 
stem then being said to be jointed or 
articulated. 

At tile apex of the main stem and 
of all its branches we find the surface covered by the young 
leaves, which, growing faster than the stem itself, roof it 
ov er and protect it. The apex of the stem is never covered 
by a cap like that of the root. Tlfl growth of the stem in 
length is confined to the young internodes, and at first these 
remain short, the nod#s being compressed together. The leaves 
at first grow most strongly on their lower sides, and arc thus 
enabled to arch over the stem. During the period of active 
growth of the stem the young leaves are very loosely arranged, 
but when, as in the winter, such growth is suspended many 


Ik;. 3(5. 



//(/. 36. Lower part of tin 
stem unit wot ol the com¬ 
mon Stock, i. The root 
with it* brandic-s f. The 
stem. /, /. Leave*, b, b. 
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of them are closely crowded together. The resting apex with 
its covering of leaves is then known as the bud. It is usual 
to speak of terminal and lateral buds, according to their 
position at the apex of the main stem or in the axils of the 
leaves. In the latter case, however, the buds arc the termina¬ 
tions of the branches and are therefore really terminal. 

The buds of temperate and cold climates, which remain 
dormant during the winter, and which are accordingly exposed 
to all its rigours, have generally certain protective organs de¬ 
veloped on their outer surface in the form of modified leaves 
which are commonly called scales, or ca taphyUary leaves . These 

Fiu. 37. Fiu. 38. Fiu. 39. 



t m. 37. V shoot ono j'car old of the Hoi’hC-eliestnut, with terminal bad 

a. Scar produced by the falling off of the bud-scale- of the previous year. 

b. b. Searb caused by the falling off of the petioles of the leaves of the 
present year, with bud.-, «•, in their axil*.— Fuj. 38. Diagram to illus¬ 
trate the growth of the shoot from the bud. c, r, r. The nodes where the 

leaves nre situated. 7, </. The internodcs developed between them.- 

I'm. 39. Shoot of the Lilac (Syrmga showing suppression of 

the terminal bud, and two lateral buds in its place {false dichotomy). 


are usually of a hardened texture, and arc sometimes covered 
with a resinous secretion, as in the Horse-chestnut and several 
species of Poplars; or with a dense coating of soft hairs or down, 
as in some Willows. Such scales, therefore, by interposing 
between the tender rudin'jentarv leaves of the bud and the air 
a thick coating of matter which is a bad conductor of heat, 
protect them from the influence of external conditions, by 
which they would otherwise be injured, or even destroyed. 
Buds thus protected are sometimes termed scaly. In the 
buds of tropical regions, and those of herbaceous plants grow¬ 
ing in temperate climates which we not thus exposed to the 
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influence of a winter, such protective organs would be un¬ 
necessary, and are accordingly absent, and hence all the leaves 
of these buds are of nearly the same character. Such buds are 
called naked. In a few instances we find that the buds of 
perennial plants growing in cold climates, which are opposed 
during the winter, arc ‘naked like those of tropical and herba¬ 
ceous plants. Such is the case, for instance, with the Alder 
Buckthorn (Rhamnns Frangvla), and those of Borne species of 
Viburnum. 

Those protective organs of the bud are commonly, as we 



fig. 40. Branch oi Oak with alternate leaves and leaf-buds iu their axils. 

«, a. Buds, b, b. Leaves.- fig. 41. Vertical section through the eud of 

a twig of the Horse-chestnut (JSsculus IJippoca*tanum \before the bursting 
of the bud. After Sclileideu. 

have just mentioned, termed sea leu, but they have also received 
the name of tegmenta. That such scales are really only modified 
leaves adapted for a special purpose, jg proved not only by their 
position with regard to the true leaves, but also from the gradual 
transition, which mav be frequently traced from them to the 
ordinary leaves of th» bnd. These scales have only a temporary 
duration, falling off as soon as the growth of the bud commences 
in the spring. 

The bud thus contains all the elements of a stem or branch; 
as we have seen, it is really the first stage in the development of 
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these parts, the axis being here so short that the rudimentary 
leaves are closely packed together, and thus overlap one another. 
When growth conunenees in the spring, or whenever vegetation 
is reanimated, the internodes between the leaves become de¬ 
veloped (Jig. OH, (I, (1), and these therefore become separated 
from one another, e, r, c, and thus the stem or branch increases 
in length, or a new branch is formed. In other u ords, the leaves 
vInch in a laid state overlap one another and surround a grow¬ 
ing point or axis, by the elongation of the internodes of that 
axis become separated and dispersed oxer a branch or all elon¬ 
gation of the stem. 

It frequently happens that many of the lateral buds never 
develop into branches. This is generally the ease with those 
which are produced in the axils of the lower leaves of the twigs 
of most trees. Sometimes, though not developed at once, they 
retain for years the power of growing into branches. These 
buds are called dormant buds, and the branches ultimately 
arising from them are known as deferred branches. When 
they appear, they seem to be developed out of their proper 
places, and make the branching appear very complicated. 

Branching. —Just as branches arc produced on the main axis 
or stem, so from the axils of the leaves of these branches other 
buds and branches are formed; these again will form a third 
series, to which will succeed a fourth, fifth, and so on. When 
a branch system is well developed in this way, the term brunch 
is often applied to the larger divisions only, the smaller being 
known as twigs. The large branches of trees are generally called 
boughs. The general arrangements of the divisions of the 
stem constitute its branching, which may be detinue) as the lateral 
development of similar jiurts., The divisions of a stem or root are 
branches; but the lateral development from a stem or branch, of 
leaves or other dissimilar parts such as hairs, is not branching. 

There are two principal types of branching, the lateral and 
the dichotomous. When the axis continues to develop in an 
upward direction by a terminal bud or growing point, and its 
branches are produced fran smaller growing fioints originating 
laterally on the main one, the branching is called lateral. 
This is, probably, the universal systjjm of branching in 
Angiosperms, although there are some 1 apparent exceptions. 
But when the terminal hud or growing point bifurcates, and 
thus produces two shoots, which, at any rate at first, are of 
equal strength, so that the foot or podium bears two branches 
arranged -in a- forked. manner ( fig. 42), the branching is 
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termed dichotomous. This form is common in many of tlie 
Cryptogams. 

In dichotomous branching we liave again two forms: one 
which is termed true or iiormul dichoftnw /, in wliieh the two 
branches continue to develop equally in a forked manner that 
is, each becomes the ptidium of a new dichotomy ( fii/. 42)- and 
a second, in which at each dhision one branch grows much more 
vigorously than the other and divides into two, while the other 
remains undivided; this is called nynjjmdml (Jig. 48, A and B). 
Tn this latter case, owing to the unequal growth of the branches, 
the strong limbs of successive bifurcations form together an 


Fro. 42. Fin. 48. 



I'm. 42. Diagram of normal or time dichotoinon« branching, showing the 
two branches equally developed in a forked manner, and each branch di¬ 
viding iu “neeession m » similar wav.- Fig. 4 3. Diagrams of ?vmpodiul 

dichotomous branching. A, Helicoid dichotomy. B. Scorpion! dichotomy. 
In A, the left-hand branches, /,/,/, of successive dichotomies are much 
more developed than the right, i\ r, r, r. In B, the left-hand branches, 
/, I , and tlio*e of the right hand, i\ r, are alternately more vigorous in 
their growth. The limbs ol the dichotomy which become the successive 
segment? Ml the sympodiiim arc indicated by the lines drawn in«ide the 
latter. After Sachs 


axis which is termed the jmrud-axis or sympodium , from which 
the weaker fork-branches or bifurcations appear to spring as 
lateral branches {fly. 48, A, r, r, r, r, and B, r. I, r. 1 , r). This 
branching might at first sight be confounded with the monopodia! 
type of lateral branching, in which ^ve have a continuous axis 
giving off lateral branches; hut it differs in the fact that here 
the apparent primary axis consists of a succession of daughter- 
axes fused together li the course of development. 

In sympodial branching, the sympodium may be either 
formed of the fork-branches of the same side (left or right) of 
successive dichotomies (fig. 48, A, I, /, 1) ; or it may consist 
alternately of the left and right fork-branches or bifurcations 
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{Jit/. 43, B, 1. r, I, »•). Xu the former east' it is called helicouL 
dichotomy ; in the latter, tn-orpioid dichotomy. 

Of the lateral branching there are also two forms, the rare- 
mo*c. w.mtmopodial and the cymoxe. fn the first the primary 
axis continues to develop upwards and gives off aeropetally 
lateral branches from axillary buds, which also give off lateral 
branches in a similar manner!* The main axis hero constitutes 
a monopodium, as it forms a single foot or podium for the 

Fin. 44. 



Fttj. 44. Diagram to illustrate cjnio^e branching A. Diehn'dal ejmo or 
Diebaslnm. The "Ucccssive axes are marked by the letters, a, a\ a ', a 
The continuation of each axis above the jmint of origin of thonxes spring¬ 
ing from it is the thin line terminated by a small circle. B. JMehaaium 
with the successive axes suppressed on one side, forming a helicoid 
“vmpodium. < Scorpioid sympodium termed by the suppression of the 
s-uccessive axes on alternate sides. D. The same after it has become 
straightened by growth. The apparent monopodium i= seen to be com¬ 
posed of part® of the «iuof*o>«ivp axes 


branches. En the eyrnose form the lateral axes at an early age 
, develop much more vigorously than the primary axis, and each 
* gives rise to other lateral branches in a similar way (fit/. 
44, A). In some plants an apparent but false dichotomy is 
produced by the partial or total suppression of the terminal 
bud or main growing point and the subsequent v igorous growth 
of the closely arranged lateral buds, which so form two shoots 
apparently radiating from a common point, as if caused by the 
division of the terminal bud, as in true dichotomous branching. 
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This suppression of the terminal bud may occur naturally, as in 
the Lilac (Jig. 39), or accidentally from frost or other injury. 

When two buds arise just behind the apex and two branches 
are consequently developed there, as in Jit/. 44, A, the branch 
system is called a dichasium ; when there are more than two a 
polychasium results. ^The branch system in these cases may be 
called jjobjpodial. When, on the other hand, only one branch 
is developed at each point, and this becomes stronger than the one 
from which it springs, wehaveapseud-axisors///»podumi formed, 
closely resembling the sympodium of dichotomous branching. 
It can he distinguished from the latter by the fact of the branch 
arising behind the original growing point, and not from its 
division. The sympodium may be helicoid or scorpion! as m 
the other case. The branching of many forest trees is ot this 
kind. 

The pseud-axis as first formed is crooked, and shows its 
mode of formation (Jit/. 44, J3, C). As it gets older the continued 
growth and thickening of its successive parts cause ii to become 
straight (Jit/. 44, I)), and it is then scry difficult to distinguish it 
from a monopodium, particularly when the leaves have fallen oil’. 

These modes of branching will be again alluded to under the 
head of Lni\lokkscknck, or the arrangement of the flowers, in 
which connection they will he more fully illustrated. 

All lateral or axillary buds are called regular or normal, and 
their arrangement in such cases is necessarily the same as that 
of the leaves. As branches arc formed from buds thus placed, 
it should follow that their arrangement should also correspond 
to that of the leaves. This corresponding symmetry, however, 
between the arrangement of the branches and that of the leaves 
is interfered with from various causes. In the first place, 
many of the regular buds may not be developed. Secondly, 
other buds may arise irregularly at various other points than 
the axils of leaves: these are called, from their abnormal origin. 
adventitious. And, thirdly, accessory buds may be formed. 

1. Non-development of the Regular Buds .—This frequently 
takes place irregularly, and is then (A/ing altogether to local or 
special causes; want of light, too much crowding, or bad soil 
may cause many bmls to become abortive, or to perish after 
having acquired a slight development. In other cases, how¬ 
ever, this non-development of the buds takes place in the most 
regular manner; in Firs, for example, where the leaves are very 
closely arranged in a spiral manner, the branches, instead ot pre¬ 
senting a similar arrangement, are placed in circles around the 
. von. x, i> 
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axis at distant intervals. This arises from the non-development 
of the buds of many of the leaves which form the spire, which is 
followed by the development of those of closely succeeding leaves; 
and as such leaves are thickly placed, we arc unable, after the 
development of the branches, to trace clearly the turns of the 
spire, so that the branches appear to be arranged in a circle. 

2. Adventitious Buds .—'These have been found on various 
parts of the plant, such as the root, the woody portion of the 
stem, the leaves, and other organs. When a tree is pot- 
larded —that is, when the main branches and the apex of the 
trunk are cut off, and a great quantity of nutritive material 
subsequently accumulates in the latter—a multitude of adven¬ 
titious buds are formed, from which branches are developed. 
The branches thus produced by pollarding are, however, often 
supplemented by the development of regular buds which have 


Fig. 45. 


Fig. 46. 



Fig. 4b. Leal ot Bt uoplnjllum cahjanum with Inula <»n it- margins.— 
Fig. 46. A portion ot the leaf of Oi uit/iognlttm thin soul< tun, show ing Inula, 
0, b , oil ita suifuce. 


become dormant from some cause having at first interfered 
with their growth. ,, 

We have seen that normally leaves do not give rise to other 
leaves or to branches. Occasionally, in consequence of wounds, 
the latter do arise, and, indeed, are often produced artificially, 
on various leaves, such as those of species of Gcsncru. 
Gloxinia , and Begonia. They are cut in various places and 
subsequently placed in a moist soil, and exposed to the other 
inffuenccs which are favourable for the growth of buds. The 
branches developed on the leaves, in such cases, ultimately form 
independent plants, and this process is ( therefore constantly 
resorted to by gardeners as a means of'propagation. These 
adventitious branches differ from those commonly produced in 
the axils of leaves, or at least from those which remain dormant 
during the winter, in being smaller, and having no external 
protective organs or scales (figs. 45-46). 
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3. Accessory Buds .—The third cause of irregularity in the 
distribution and appearance of branches arises from the multi¬ 
plication of buds in the axils of lca\es. Instead of one bud, 
ho ha\e in rare cases two, three, or more, thus situated (Jiys. 
47-49) ; such are called accessory buds. These buds may be 
placed either one above another or side by side. In certain 
Willows, Poplars, and Maples, we ha\ e three buds placed side 
by bide (Jit/. 47, it), which frequently give rise to a correspond¬ 
ing number of branches. In sonic Arislolochias, in Walnuts 
(Jiy. 48, l), in the Tartarian Honeysuckle (Jiy. 49, b), and 
other plants, the accessory buds are arranged one above another. 

Pm. 47. Fiu. 48. Fiu. 49. 




1 (. Branch of a "-peck's of Maple with till tv bud.s 
<t y placed side by t-ide. — b'nt. 4H. A piece of a 
hiancli ol the Walnut-tree. i>. The petiole having 
m it~, axil a number ol buds* placed one above the 
othei, the upprmiod, A, most deNclojK-xl -/’/</. 4!f. 
A piece of it branch of the Tut tai lull >Iouc\ tuekk 
i Iniuma la/ la/ica), bearing a leal,/, with nuineruu- 
bud", A, in its axil, placed abo\c one another, the 
Imtrimof-t UTiJg the most developed. 


Sometimes the uppermost bud alone develops (jiy, -18, b), as 
in the Walnut, and so the branch which is formed arises at a 
point on the stem higher than the axil of file leaf, and appears 
as if it were on the internode. It is not really so, as the node 
ijj longer than af normal node. Tit? leaf is then said to bo 
u Ira-tuillari/. In the Tartarian Honeysuckle (Jiy. 49, b), the 
axillary or lowest budj.s that which forms the strongest branch, 
over which a numbe? of smaller branches are placed, arising 
from the development of the accessory buds. In some trees, as 
the Lurch and Ash, and frequently in herbaceous plants, such 
as the Asparagus, tho branches which are formed from the 
accessory buds, which are often very numerous, instead of 

v 2 
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remaining separate, fuse together laterally as they grow, and 
develop as a broad, Mat, and apparently single branch. Such 
abnormal branches arc commonly called j'usuialcd. Fasciated 
branches may, however, be produced by a single dud develop¬ 
ing in an irregular manner. 

In some cases, as in CuscuLa, several'buds occur in the avil 
of the same leaf, owing to the branching of the original single one. 

Besides the three priueipal cases mentioned of abnormal or 
irregular development of the branches, some minor ones are 
met with arising from the formation of cjclra-nxillanj branches 
in oilier ways than those just alluded to. The branch may 
adhere for a short distance either to the stem or to the leaf¬ 
stalk, causing curious apparent displacements. 

Sometimes the subtending leaf is suppressed, as in many 
inMorcscenees, where the Mower scorns to spring from the stem 
i|uite independently, in Borne Mosses the normal position of 
the branch is at the back of the leaf instead of in its axil; in 
others it arises at the side of the leaf. These variations follow 
the mode of division of the cell from which both leaf and branch 
originate. In some of the higher plants, both in the Vascular 
Cryptogams and the Flowering Plants, each branch appears by 
the side of a leaf. In others there is no relation at all between 
the origins of the two members, as in Lycopodium. Floral and 
scaly leaveb, moreover, do not bear branches in their axiis. 

Adventitious shoots sometimes arise from roots, as may be 
observed in many Bonavvtc, the Moutan Ptcony, the Japan 
Anemone, and many other plants. They may in many eases be 
artificially stimulated to appear ; if the root be wounded, it will 
often produce them, much m the same way as du the leaves of 
Bey on ia. The Blackberry under such circumstances will pro¬ 
duce shoots from its roots, so freely indeed that the plant can be 
propagated by root-cuttings. 

Fobms of Stem amo Buancjiks. —The stem is usually more 
v ,r less cylindrical, though this is far from universal. In many 
herbaceous plants it becomes angular, and m some, particularly 
in those of certain naturaForders, as the Cucldicce, Orchidacete, 
Euphurbiacca•, kc., it assumes a variety of anomalous forms. 
In many epiphytic Orchids it becomes more or less oval 
or rounded, and has received the name* of pseudo-bulb (jig. 
33, b, b ); in the Melon-cactus it is globular; and in other 
Cacti it is columnar, more or less Hattened, or jointed. In the 
Tortoise or Elephant's-foot Plant ( Testudinarin eieplumtipes), 
it forms a large rough irregular mass. 
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In general, stems are strong and rigid, and can therefore 
readily sustain themselves in an umjght position ; hut many are l 
too weak to support, themselves ; these either trail along the 
ground, or attach themselves to some other plant, or neighbour- 
ing object. Those which trail on the ground are said to be 
pror'tiviltcttl or profit rttfr ; if when thus reclining they vise to¬ 
wards their extremity, they are d ecumbent : if they rise obliquely 
from near the base, aurrjuUtng. Those which cling to neigh-j 


Fig. 50. 


/’/// 50. Plimbintf stem ol tin* 
Ivt. a, a. Aerial roots. 


Fig. 51. 



Fig. 52. 


Fkj. 52. Twilling stem ol a 
specie* ol Convolvuli !o 


/’///. 51. Twining stem of HoneyMiekle. 


bouring plants or other objects for support arc called climbing 
if they proceed *n a more or less rectilinear direction, as in the 
Passion-flower, where they adhere to other bodies by means of 
little twisted ramifications called tendrils, or in the Ivy, where 
they emit little ae rftl root s from fKeir sides, by which they 
cling to neighbouring bodies ( Jig. 50, a, a). If such stems twist 
round other bodies in a spiral manner, they are said to he 
twi ning ; and this twining may take place either from right to 
left,as in Botne Convolvuli (fig. 52), French Bean, and Dodder; 
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or from left to right, as in the Honeysuckle (jig. 51 Hop. and 
Black Bryony; or first in one direction and then n another, 
irregularly, ns in the White Bryony. The climbing and twining 
stems of cold tnd temperate regions are generally herbaceous 
or die annually, although we have exceptions in those of the 
Ivy, Clematis, anil Honeysuckle, which are woody. Tn tropical 
climates these woody climbing and twining stems often occur ; 
they are called lianas or Hams, and they frequently ascend to 
the tops of the loftiest trees, and then either descend to the 
ground again, or pass to the branches of neighbouring trees. 

! The stem lias received many names according to its nature, 
' It is railed a r auj is in plants which are herbaceous, or die 
down annually tn the surface of the ground: a i run ic, in trees, 
where it is woody and perennial; a rtihn, in most Grasses and 
; Sedges, where it presents a jointed appearance; and a ran (In 
or stipe, in Tree-ferns and Palms. 

Herbs, Shrubs, and Trees.- -From the nature, duration, and 
mode of branching of stems, plants have been arranged from the 
earliest periods in three divisions, called, respectively, Herbs , 
Shrubs, and Trees. Those plants which have stems that die 
down annually to the surface of the ground are called herbs ; 
while those with perennial aerial woody stems are denominated 
trees or shrubs according to circumstances, an described below. 
Herbs are also further characterised as annual, biennial, and 
perennial. They are annual when they live only through 
one season, that is, between the spring and winter ; biennial. 
when they spring from seed in one season, and die in the 
second, after producing flowers, fruit, and seed ; and perennial. 
when they spring from seed in one season, and continue to live 
through a succession of years, the sub-aerial parts dying down 
in the autumn, and in the succeeding spring new herbaceous 
steins growing up. The term tree is applied if the brunches 
are perennial and arise from a trunk. When the branches are 
perennial and proceed directly from, or near to, the surface of 
the ground, without any trunk, or where this is very short, a shru h 
is formed ; this, when low,and branched very much at the base, 
is denominated a hush. The term undershrub is applied to a 
small shrub which is intermediate in its characters between an 
ordinary shrub and an herb ; in such a plant some of its branches 
generally perish annually', while others are more or less permanent. 
All these kinds of stems are connected by intermediate links, 
so that in many cases they are by no means well defined. 

The shape of a tree is very largely dependent upon its method 
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nf branching. When the latter is distinctly and continuously 
racemose, the axis being prolonged upwards in a straight line 
from base to summit and the lateral branches growing acro- 
petally from its sides and branching similarly themselves, we 
have trees of pyramidal form, as most Firs. When, on the other 
hand, the branching is cymose, the head of the tree becomes 
more or less roundpd. as we see in many of our forest trees. In 
the case of racemose branching, the stem is technically said to 
lie rmirrent; in that of cymose branching, drliquencent. 

The shape of a tree depends not only on the character of tho 
branching, but on the nature of the branches and the angle they 
make with the stem from which they arise. We seo illustrations 
of this if wo compare the Cypress and tho Cedar, tile Oak and 
the Lombardy Poplar. A very peculiar form is met with when 
the angle of the branches is very obtuse, and the latter bend 
downwards from their origin, as in the Weeping Ash and 
Weeping 'Elm. A similar appearance is presented by tho 
Weeping Willow and the Weeping Birch, hut in these cases 
the drooping of the branches is due to their weakness and 
flexibility. 

In many of the trees with ex current stems the lower branches 
perish comparatively early, instead of growing out to great 
length. The tree, instead of being pyramidal m form, then has 
a naked trunk of some length, as may he seen in many fir trees. 

^ Kinds of Stem and Branches.— We have seen that the 
stem when first developed always grows upwards, while the 
root at. the same time grows downwards. In many instances 
this original direction of the stem is continued more or less 
throughout its life, hut there are many cases in which, for various 
reasons connected with the habit of life of different plants, this 
does not take place, the stem being curiously' modified to sorve 
different purposes. Sometimes it or some of its branches 
remain underground, and look very much like roots, from 
which, however, they can be distinguished by hearing leaves. 
From these peculiarities in the direction und growth of Btems 
and blanches, *ve have a number t of modifications needing 
* description. These are host treated of under two heads, namely, 
those which are aerial, and those which are niihter rqnean. We 
can, however, bv"n5 means draw a distinct lmcbctwccn tho 
modifications of stem which these two divisions respectively 
contain, as certain forms occasionally pass from one into tho 
other, being subterranean and aerial at different points, or at 
different periods of their course. 
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1. Aerial Modifications of the Stem and Branches. —ut 
these the'more'"'xnportant are the runner, the offset, the stolon, 
the sucker, some forms of the rhizome, the phylloclacle, and the 
thorn. Certain forms of tendril may be included here. The 
flower is also a modified shoot. The rhizome is usually sub¬ 
terranean, and will be described later. 


Fxo. 53. 



Ftg. 53. A ]x>rtion of the common Strawberry plant, o'. An axis producing 
a tuft of leave'! at its extremity, the upper of which, r, »re well*developed 
and green, and the lower ruinmentary. From the axil of one of the latter • 
a second axi* or rnnnor, a", ar ses bearing a rudimentary leaf,/', near the 
middle, and a cluster of leaves, r, at its end. a' . A third axis produced 

in a similar manner to the former. /, f. Roots # or rootlets.- Fig. 54. 

Offset of Semperrmtm. —— hg. 55. Plant showlnja*the process of laiirring. 


a. The Run ner nr Flagellum ( fig. 58).—This is an elongated, 
slender, prostrate branch, a', sent off from the base of the stem 
and giving off at its extremity leaves, r, and roots, f, and thus 
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producing ii new plant, which extends itself in a similar manner. 
The common Strawberry propagates itself in this fashion. 

1). The O ffxi t (Jig. 54).—This is a short, prostrate, more or 
less thickened branch, which produces at its apex small roots 
and a tuft of leaves, and thus forms an independent plant, 
which is capable of producing other offsets in a like manner. 
It is well seen in the Houseleek. It differs very little from 
the ordinary runner, except in being shorter, somewhat thicker, 
and having its leaves distinctly tufted. 

e. The Stnlnn. This is a branch which is given off above 
the surface of the earth, but which curves downwards towards 
it; when it reaches a moist spot it sends rootlets into the 
ground, and a stem upwards into the air ; being thus capable of 
acquiring food independently of its parent, it ultimately forms 


Fio. 56. 


Fio. 57. 



Ftps. 5G find 57. Sticker* of specie* of Mentha. 


a new individual. The Currant, Gooseberry, and other plants, 
multiply in this way. All such plants are said lobe xtnl cm ifemu*. 
Gardeners imitate this natural formation of new individuals 
when they press down a branch into the earth, a new plant 
being ultimately formed from it; this process is technically 
called layering (Jig. 55). 

d. The Snejfrr (Jigx. 56 and 57).—This iH a branch which 
1 arises frOTfT'llie stem below the surlaee of the earth, and which, 
after proceeding in a horizontal direction for a certain distance, 
and giving off little foots or rootlets in its course, turns upwards 
into the air, and ultimately forms an independent plant. Good 
examples of this kind of stem are seen in the Bose, the Hasp- 
berry, and the Mint. The sucker can scarcely be said to differ, 
in any essential particulars from the stolon, except that it is' 
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original ly subterranean and ultimately serial; whereas the 
stolon ia first aerial, and then subterranean. 

e. The Phyllochdr. —In some plants the leaves are very 
feebly developed and soon fall off, or are modified into spinous 
or needle-like processes. In such cases the stem performs the 
functions of the leaves, becoming gijeen and assuming a 
flattened or rounded form. Such a stem is called a phylloelade. 
Examples may be seen in many Cactuses, where the stem is 
either globular, or composed of flattened or round joints, or ot 
winged columns. In certain LiUacccr the phylloelade has the 
shape of an ordinary foliage leaf, from which it can be dis¬ 
tinguished by bearing leaves and flowers, either on its margins 

Fig. 58. Fio. 59. Fro. C.O. 



I'm. 58. PhylloelmlP of Ritsrus nnileattis. /. leal; jk i»lij lloclaile; /, flower. 

Fig 59. Brmiclmifc thorn of the Honey Loen«t (Glnhhchial - Fig CO. 

Ix*afv thorn® of the common Sloe. 


or at some point on its surface. Such a branch consists of only 
one internodc ; it is soft and pointless in Mi/mi/iln/llmii ; firm, 
hard, and spiny at its apex in B vseus a culm tux {fig, 58). Its 
stem-character can be seen also from its arising from the axil 
of the tine leaf, which is very small and soon f»lls off. Phyllo- 
clades of this kind have also been called clndodrx. 

f. TJj&jm<orn.— U sometimes happens that a normal bud, 
instead of developing as usual, and producing a symmetrical leaf¬ 
bearing branch, becomes arrested in its growth, and forms 
a hardened simple or branched projection terminating in a 
more or less acute point, and usually bearing no leaves, as in 
Cratxgnx, Gleditschia {fig. 09), and many other plants. Such 
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an irregularly developed branch in called a thorn. That the 
thorns are really modified branches is proved not only by their 
structure, which is exactly the same as the stem or branch upon 
which they arc placed, but also by their position, in the axils of 
leaves; by their sometimes bearing leaves, as in the Sloe {Jiff, 
60) and Spiny Rest-harrow ; and by their being frequently 
changed into ordinary leaf-bearing branches by cultivation, as 
in the Apple and Rear. Thorns arc sometimes confounded 
with prickles, but they arc readily distinguished from these by 
their structure and connection with the internal parts of the 
stem ; the prickles being merely formed of hardened parenchyma, 


Rio. 01. Fw, 02. 



/'n/. i;i. A portion ol the* rttiui of t/nntltamiulai /<. <’ r T« ndnl-. 

Pin. 02. Part of the ‘■tern of tin* Vmo. r r. r Tendnl- 


arising immediately from, and in connection only with, the 
epidermal tissue and cortical cells beneath. Thorns must not 
be confused with spines, which are prickly bodies arising gener¬ 
ally upon the jnargins or apices of leaves, as in the Holly. 

* Sometimes a whole leaf is metamorphosed into such a spine. 
Both these modifications serve as means of defence of the plant 
against the attacks cjf browsing animals. 

g. The Te ndril .—Another irregularly developed branch is 
the tendril or rirrhns : this term is applied to a thread-like 
leafiesR branch, which twines itself spirally round some support¬ 
ing body, as in the Passion-fiower [fig. 61, v, v ). Its peculiar 
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characteristic is that it is sensitive to contact with a foreign 
body, such as a stick or similar object, ami when thus excited 
it coils round it. Tendrils may be also observed in the Vine 
( fly, 62, r. v, v), where they are the terminations of separate 
axes. 

Tendrils are occasionally produced /rom leaves and some 
other organs of the plant; these peculiarities will be referred to 
hereafter, in the description of those organs of which they are 
respectively modifications. 

2. SUBTERRANEAN MODIFICATIONS OF THE STEM AND BRANCHES. 
Ail these moTiilications of the stem and branches were formerly 
confounded with roots. They are distinguished, however, from 
roots, either by the presence of buds or of scales {ritfa/iln/llari/ 

Fin. 03. Fin. 64. 



Fid #8. A portion of the- rhizome of a species of Ins. - I'm. hi. A portion 

of the rhizome of the Solomon's Seal (Folygonatum multiflorum) h. Re- 
mains of the flowering stem of the present year. b'. Lateral bud, which 
will produce the flowering stem of the next year, r, c. Scars produced by 
the decor of the flowering stems of the two* preceding year®. /, Root¬ 
let 5 The whole rhizome is a sympodinm. 

/ffirct.), or by the presence of sears on their surface which are 
produced by the falling off of former leaves or buds. The dif¬ 
ferent kinds of aerial stems described above, when partially 
subterranean, may be also distinguished in a similar manner 
from roots. 

a. The Hhi::o mc or ronlsfnrk (figs. 6.'!, 04 and 65 1.- - This 
is a prostrate thickened stem or branch running along the surface’ 
of the ground, or more generally partly or entirely beneath it, 
and giving off small loots or rootlets from Jits lower, and leaves 
and buds from its upper side. These steins sometimes creep 
for a long distance in this way, and have their upper surface 
then marked by scars (fig. 64, c,c), which mark the limits of 
the successive annual growths or aerial shoots. Such stems are 
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found iu the Iris, Sweet-Hag, Ginger, Turmeric, Solomon's Seal, 
Fern, and many other plants. In some eases these rhi/.omes are 
placed iu a \ertical direction in the earth (erect rhuomet), and 
they then hear a great resemblance to roots, as m the lkxil's- 
bit Scabious (Scabiosn tnveisa), where such a rhizome is com¬ 
monly but erroneouslylinovvn as a preemone rout ( Jiij . 66). 

The rhizome may continue to elongate at its apex through¬ 
out its life as in the Bracken Fern, or the apex max grow out 
into an aerial shoot, while a bud is funned laterally in the axil 
of a leaf at its base. This continues the elongation of the rhizome, 


Pin. 65. Fin. 60. 



i /£/. 05. Contorted rhizome ot Bistort d'olugonnw Hisl»nu). / <«/. t>»*. 
rr.vmorse rhizome of the DevdVhit. i-i'tibioiis [Scabiuxa ooviso) 


causing the (urination of a sympodium, as in Solomon's Seal 
(ji<h 64). 

b. TLip.A 'jumm. Strut, 67). This kind of stem is a 
slender branch which runs along beneath the surface of (be 
earth, emitting small roots from its lower side, and buds from 
its upper, in the same manner as the rhizome, and it is con¬ 
sidered by many botanists as a variety of that stem. The only 
d ifferen ces existing between the creeping stem as dclined above 
and the rhizome are its more slender form, its commonly greater 
length, and its entirely subterranean course. The Sand Sedge 
(Carex arenariti ) (Jiy. 67), and tho Couch Grass (Trthcum 
repent), afford good examples of this stem. In some instances 
such stems serve useful purposes in nature; those of the Band 
Hedge or Carex, by spreading through the sand of the seashore 
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and in tiiih way binding it together, prevent it from being 
washed away by the receding waves. Others, on the other 
hand, like those of the Couch Grass, are the pest of the agri¬ 
culturist, who finds it very difficult to destroy such stems by 
cutting them into pieces, for every node is capable of developing 
u leaf-bud and roots, and therefore each of the pieces into which 
they may thus be divided will become an independent indi¬ 
vidual. Such a process, instead of destroying the plants, only 
serves the purpose of still further multiply ing them by placing 


l''m. 67. 



Creeping stem of tlie &*uul Caicv (Can a aienurui). 1. Terminal 
hud by which the t-fcem continue* to elongate. 2, 3, i. Shoot- products I 
Horn foiinei 

the separated parts under more favourable circumstances for 
development. 

c. The 'l’ub a‘ l c li<jx. 68 and fid). Tins is a subterranean 
stem or branch, arrested in-its growth, and excessively enlarged 
by the deposition of starch or other nutritious substances in its 
tissue. It has upon its surface a variable number of little 
buds, or cues, us they arc sometimes called, from which ucvv 
plants arc ultimately formed. The presence of these buds 
indicates its nature as a kind of stem. It is a modification 
which has for its purpose the propagation, of the plant. 
Numerous tuUe'rs are foi'ined oil each parent plant, becoming' 
separated from it at maturity. Each gives rise to one or 
more young shoots from its buds. Durifg the formation or 
development of the tuber a large amount of starch and other 
nutritive material is stored in its substance to support these 
young shoots dmiug their early development till they emerge 
into the air, expand their leaves, and put out adventitious 
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roots. The purpose of the modification is similar to that of 
the fleshy biennial root, which has already been described 

Fio. 68. 



Fig 68. Tuber* of the common Potato < Solanum tuberosum ). 

(page 21). The Potato (Jig. 68! and Jerusalem Artichoke 
( fig. 69) afford good illustrations of tubers. 

Though normally growing underground, tubers sometimes 
appear in the axils of caulinc leaies. This is generally a con¬ 
sequence of the destruction 
of the subterranean tubers. 

in certain plants, such 
as some epiphytic Orchids, 
a portion of the sub-aerial 
stem may be thickened, the 
thickening sometimes being 
confined to one internode, 
sometimes extending to more 
than one. This thickening, 
which resembles »a tuber, is 
often spoken of as a pseudo¬ 
bulb (fig. 33, b). 

d. The Bu lb.— TIms is a 
shortened, usually subter¬ 
ranean stem or branch, generally in the form of a rounded or 
flattened plate or disc (figs. 70-72, a), which bears on its surface 
a number of fleshy scales or cataphyllary leaves; or it may 


Pi... 09. 



Fig. 01). Tubers of the .lerytiilciii Arti¬ 
choke (UHumthus tubeiwus). 
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be considered as a subterranean bud of a scaly nature which 
sends off loots or rootlets from below (Jig. 72,6), and a flowering 
stem upwards ( Jig. 70, p, and Jigs. 71 and 72, <l). The scales 
are generally more or less thickened by deposition of nutritive 
matters; these, therefore, become reservoirs of nutriment for 
the future use of the plant, just as in Other cases the enlarged 
stems and roots servo a similar purpose. The true bulb is only 
found in Monocotyledons, as in the Lily (Jigs. 71 and 72), 
Onion (Jig. 73), and Tulip. The scales of a bulb, like the 
leaves of a branch, often have new bulbs developed in their 
axils (Jig. 70, b) : these are called by gardeners cloves, and 
their presence is an additional proof of the homology of a bulb 
with a branch or bud. 


Pm. 70. Pto. 71. Pro. 72. 



J’ty. 70. Vertical section •! the eculy bulb of the Lily u. Shortened axis 

or bteui. 6. Lutcial \ lb or clove, p. Flow cling stem. <\ Scales.- 

h'l. 71. Vertical section of tin* scaly bulb of the Lily.- Ftp. 72. Scaly 

bulb of the Lily. a. SI irtened axis, or bteui. b. Fibrous roots. r. Scales 
</. Flowering stem. The letters refer to the same parts in the two latter 
figure*. 

Bulbs may be commonly distinguished as tunicated (jig. 
73), and scaly (Jigs. 71 and 72). The t unicatcd bulb is well 
seen in the Squill and Onion (Jig. 73). In this kind of bulb 
the inner scales, whicTi are thick and fleshy, enclose one 
another in a concentric manner, and arc covered externally by 
thin and membranous ongs, which form a covering or tunic to 
them ; hence the name tunica ted or coated, which is applied 
to it. In the scalypi naked bulb ( Jigs. 71 and 72) there are no 
outer dry scales; it is composed of thieft, fleshy leaves, which 
overlap one another. 

The young bulbs (cloves) (Jig. 70, 6), which are developed 
in the axils of the scales of bulbs, in some cases remain 
attached to their parent, which they then commonly destroy 
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by absorbing all its stored-up nutriment; iu others they become 
separated in the course of growth, and form independent plants. 

Small bulbs are sometimes developed in the axils of aerial 
leaves. They are buds whose leaves have become fleshy. 
They separate from their parent and produce new individuals. 
The same phenomenon‘has been mentioned as occurring in the 
case of tubers. These genu? hulhs , or bulbils , are met with in 
some species of Lily (fig.li, a, a), the Ooralwort ( Denfaria hulhi- 
fera), and Pilewort (Ranunculus Ficaria). 

e. The Carm . —This form of stem, like the true bulb, is 
chiefly found in Monocotyledons, as the Colchicum (fig. 77) 
and Crocus (figs. 7/5 and 70). It is an enlarged solid subter- 

Pro. 73. Pm. 74. 




Fig. 7:1. Tmiioatol hull) of the Onion.- -Fit). 74. Stem of n species of Lily 

(Lilimn hvlblfrnm) iwariiip: bulbils or bulbletP, a , a> in the nxil« of it* 
leaver. 

ranean stem, rounded in shape, composed of two or more inter¬ 
nodes, and commonly covered externally by a few thm mem¬ 
branous scales or cataphyllary leaves. It diffei 's from the bulb 
by the stem becoming large and fleshy, and the scales being 
reduced to thin membranes. The corm shows itself to be a 
kind of stem bv producing from its surface one or more buds, in 
the form of .young corns, as in the Crocus (fig. 75, a, b), where 
they proceed from the apex, c, and ultimately destroy their 
parent by feeding upon its accumulated nutriment. These 
new corns, in the next year, produce others near their apices, 
and these by developing at the expense of their parents also 
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destroy them in like manner, and again form other forms by 
which they are themselves destroyed, fn this manner the 

Fin. 75. Fm. 70. 


/■’»//. 75. (!onn*i of Omen * satinm. <i, b, The new norms, arising from r, the 
npcx of tho old or parent conn. — Fw. 76. Vertical section of the former. 

The letters refer to the same pnrR 

new conns, as they are successively developed from the apices of 
the old cnee, come gradually nearer and nearer to the surface 
of the earth. 

Fin. 77. In tho Colchicum {fig. 77), the new 

covin a"' is developed on one side of the old 
conn near its base, instead of from the apex, 
as in the Crocus. This also feeds upon its 
parent, and ultimately destroys it, and is in 
like manner destroyed the next year by its 
own progeny. When we take up such a 
conn carefully, we can find the shrivelled 
corm of last year {fig. 77, n), and a", that 
of the present season, which, if cut ver¬ 
tically, shows next year’s conn in a 
young condition. 

Another type of the conn is found in the 
1 ‘I’. Koot* 0 or"rooti Cyclamen, it is a fleshy expansion of the 
let*, f. Lent. n. base 0 f tho seedling stem which thickens 

Shrivellol ivtimili.- . . . , 

nr iie*t year's corm. and enlarges year by year, but docs not 
f ’ orm of *1!!' lengthen, thus becoming a broad thick bod\. 
Commencement of The thickening is confined to the first mter- 
year COrm ° f " CXt node. It bears annuLlly leaves and flowers 
from its apex, which may be found at the 
centre of the upper surface. The lower surface produces roots. 
This kind of conn is always naked, producing no leaves except 
those of its apical bud. 
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Like the tuber, the bulb and eorm are modifications whose 
purpose is the propagation of the plant. 

Section ILL— The Shoot (continued), 

,B. The Leaves. 

1. GENERAL DESCRIPTION OE THE PARTS OF THE LEAF. 

We have seen that the vegetative appendages which arise 
upon the stem are of two kinds, those which are like and those 
which are unlike the axis itself. A leaf may be defined as an 
appendage borne upon an axis from which it differs in its 
structure and organisation. Like the stem itself it is capable 
of branching, and its branches show similar modes of origin to 
those of the branches of the axis. The ultimate shape of the 
leaf, indeed, may be traced to its behaviour in this respect. It 
differs from the stem in the degree to which its branching may 
be carried, seldom showing branches of more than the second 
or third order. 

The part of the stem or branch from which a leaf arises is 
called a node, and the space between two nodes an internode. 
The portion of the leaf next the stem is termed the base, the 
opposite extremity the apex, and the lines connecting the base 
and apex the margin*. The leaf, being commonly of a flattened 
nature, has only two surfaces; but when succulent it has 
frequently more than two. The terms upper and lower are 
applied to the two surfaces of ordinary leaves, because in by far 
the greater number of plants such leaves are placed horizontally, 
so that one surface is turned upwards, and the other downwards. 
There are certain leaves, however, which are placed vertically, 
as those of some species of Eucalyptus, in which case the 
margins are turned upwards and downwards instead of the sur¬ 
faces. The angle formed by the union of the upper surface 
of the leaf with the stem is called the axil, and everything 
which arises out 'of that point is said to he axillary to the 
Jeaf; if anythufg springs from the* stem above or below the 
axil, it is extra-axillary ; or, as more generally described when 
above, supra-axillary; when below, infra-a.rill ary. 

Duration and Fall of the Leaf .—The leaf varies as 
regards its duration, and receives different names accordingly. 
AVhen it falls off soon after its appearance, it is snid to be 
fugacious or caducous ; if it lasts throughout the season in 
which it is developed, it is deciduous or annual; if beyond 

E 2 
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a single season, or nntil new leaves are developed, so that the 
plant is never without leaves, it is persistent, evergreen, or 
perennial. 

The parts of the leaf. — The axis of the leaf may be termed 
a p hyllopodiun i ; it is capable of very varied development, and 
its region ofactive growth is seldom altogether apical as in the 
stem axis. It commences apically, but this apical growth is 
usually superseded by a basal growth, which continues after the 
former has ceased. This is especially well seen in the long 
narrow leaves of many Monocotyledons. 

In the phyllopodinm three ^regions may be distinguished:- - 
the so-called leaf-base, or~!typopodium, comprising that part 

Fra. 78. Fra. 79. 



Fig. 78. Amplexioaul base of the leaf iu Fool’s Parsley.- Fig. 79. Sheathing 

leaf of a GrasK. 

which is attached to the stem ; the lamina, or epipodinm, which 
is the usually flattened terminal portion, whklTforms what is 
often alluded to generally as the leaf proper; and an inter¬ 
mediate portion, the mesapod mim - Qi. s>etiole. « Either the epi- 
podium or the mesopodium may be absent. 

The leaf in one or all of these regions generally takes the 
form of a flattened expansion, owing te the distribution of 
growth in the phyllopodium leading to the development of a 
thin wing along two of its sides in a lateral plane. This wing 
is usually, though not always, confined to the epipodium, which 
consequently is generally the flat part. The branches of the 
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epipodium, when present, are also winged, and the relative 
development of the main axis, its branches and their wings, 
causes the various forms of the leaf-blade. 

In the simplest forms of leaf the phyllopodium does not branch 
nor show any division into the three regions spoken of. It is then 
a cylindrical structure fts in Pilularia and Sect am, or a flattened 
one with no evident wings as in many Monocotyledons, or a 
winged one as in some of the Gymuosperms. When it branches, 
the branches usually arise upon the epipodium, and arc developed 
cither acropetallv or basipetally, according to the position of the 
growing part. 

In leaves which show a differentia¬ 
tion into the three regions spoken of, 
each region shows certain peculiarities. 

The Hypopodium or Leaf-base.— 

This is often very difficult to distin¬ 
guish from the stem. The tissues of 

hfp.ti art, r.imt;nnnn« au J ullleSS SOlUS 

outward peculiarity appears the two 
cannot be accurately delimited. Very 
often, however, the point of union of 
the two is marked by a swelling of the 
hypopodium forming a sort of cushion 
called a pklvinus , and in some cases 
it appears as a definite articulation. 

When the leaf-base is broad, this 
swelling extends for a considerable 
distance round the stem. Such leaves 
can be detached very readily, and 
leave a kind of scar which can be 
noticed on the stem after the leaf has 
fallen off (fig. 37). This cushion may 
form a kind of sheath, almost em¬ 
bracing the stem, as in the common Pelargonium. It may be 
somewhat membranous and completely encircle the stem, as in 
# the Fool’s Parsliy (fig. 78). These •modes of arrangement are 
known as semi-amplexicaul and amplexicaul, respectively. 

Frequently the l^af-base bears a pair of lateral branches, 
which often become ■fringed like the epipodium, but may assume 
other forms. These are known as stipule* . They have the 
Rftme structure as the blades of leaves, fhey are often over¬ 
looked from their small size; sometimes, however, they are very 
large, as in the l’ansy ( fig. 81), and in the common Pea (fig. 8’2). 


Fig. 80. 



Fuj. 80. A portion of ft branch, 
r, of the common Rose 
{Rosa canina). a. A prickle. 
6. Bad in the axil of a com¬ 
pound leaf, /, with stalked 
leaflets, p. Petiole. *,*. Ad¬ 
nata or ndherent stipules. 
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In the leaves of Lathyrus Aphaca (fig. 186) the axis of the 
phyllopodium does not become winged, but the stipules, s, s, axe 
here very large and perform all the functions discharged usually 
by the leaf-blade. 

Stipules either remain attached as long as the lamina, 
when they are said to be persistent ; or they fall off soon after 
its expansion, in which case they are deciduous. In the Beech, 

Fio. 81. Kk:. 82. 




. fig. 81. Petlolote leaf ul Pansy ( li ola tricolor) with large cauliuary stipules 

at its base.- Up. 82. A [Minion of the flowering stem of the common 

Pea, with a plnmtte leaf terminated by a tendril, and having two large 
stipules at its base, the lower margins of which are dentate. 

the Fig, the Magnolia, &c., they form the tegmenta or protective 
coverings of the buds, and fall off as these open. 

A curious modification of the normal arrangement of the 
stipules is seen in plants belonging ti the Natural Order 
Polygonaceai. The two stipules cohere by their outer anil inner 
margins so as to form a complete sheath which encircles the 
stem above the insertion of the leaf. They form what is known 
as an oclirea (fig. 85, d). The anterior margins are not united 
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in Astragalus (fig. 88). In Huuttuynia (fig. 84) the posterior 
margins arc not united, so that the two stipules are coherent to 


Fin. 83. 



Fio. 84. 



Fit). S3. A portion of tlie rtern. i, and leaf,/, of the Astragalus Onybruhis. 

<. Stipule?.-— Fig. 84. A portion of the stem. r, and leaf, /, of Ilnuttuvmn 
conlata. Axillary btipule. 

form a foliaoeous body which apparently stands in the axil of the 
leaf. 

The stipules are sometimes modified to form spines, much 
resembling the thorns of the stem, as in Bobiuia (fig. 87). 

Fm. 85. 



Fig, 85. Leaf and piece uf the stem of Polygonum Hytlroptper. 1. Lamina 

or blade, j it. Petiole. •>!. Oelirea.- Fig. 86. A portion of a branch, r, 

with two opposite leaves,/,/, of Ctyhalanthus ocrtt/entalu. x. Intcrpetlolur 
stipule. 

In many specioa of Smilax they take the fonn of tendrils 
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Stipules are very rare in Monocotyledons; among the 
Cryptogams they are present only in the Marattiacese, a group 
of the Ferns. When they are absent the leaf is said to be 
exstipulate. 

The Mesopodium or Petiole . —According to the p resence o r 
absegee of this portion of the leaf-axis, leaves are said to be 
stalked or sessile. When the petiole is present it is at a rule 
more or less cylindrical, but frequently it is almost semicircular 
in section, the upper surface being flattened and sometimes 
grooved. It may be very short or considerably elongated. In 
the Grasses it surrounds the stem in the form of a sheath (Jig. 79), 

Fig. 87. Fiu. 88. 



and where the blade and petiole join there is found a membra¬ 
nous appendage, lying parallel to the blade. To this the name of 
ligule has been given. It is either entire or incised in various 
ways. In the Aspen (Populus treiuula), the petiole is flattened 
in a line at right angles ( to the blade, and is thus one of the 
causes of the peculiar mobility of the leaves; in other plants 
it is flattened in a horizontal direction. In aquatic plants the 
petiole is frequently more or less dilated from the presence of a 
number of air cavities, as in Pontederia ; such petioles, by 
diminishing the specific gravity of the plants in which they arc 
found, enable them to float readily in the water. In many plants 
the petiole is winged like the leaf-blade, though generally not to 
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the same extent. Instances are found in the Venus’s Fly-trap 
(Jig. 89) and the Orange (fig. 90). 

In some cases the cpipodium is not developed, or falls off at 
a very early age. The petiole is then usually very strongly 
winged, and takes on the ordinary function of the blade. This 
is seen in some of the Leguminosa;; Lathyrus Ninsolia of the 
British fora is an instance. It is much more conspicuous in 
many of the Australian Acacias; some of their leaves show the 
ordinary pinnate form, others are similar with the petiole 
winged, and others show the win grid patieln rmlr, the epipodium. 
having disappeared. Such a winged petiole is called a piti/llnde ; 
it can be distinguished from a leaf-blade by the fact that Us 

Fin. 89. Fit.. 90. 




Fig. 89. A portion of the stem with some leave* ol Venue’s Fly-trap (Dinnera 

muscipula). 1. Lamina. />. Winded petiole.- Ftg. UU. Leaf of Orange 

(Citrus Aurantium). j>. Winged petiole articulated to the lamina, l. 


flattened surfaces arc placed laterally to the stem. A phvllodc 
must not be confused with the variety of stem previously de¬ 
scribed as a phylloclade. 

In some cases the petiole and leaf-base are winged in a 
plane at right angles to that of the blade, and the stem also has 
a wing extending for some distance below each node. These 
Vi tigs meet at the node and present the appearance of the wing 
of the leaf extending down tho stem. Such a leaf is said to be 
demrrent. An example is seen in some Thistles (figs. 98 
and 94). 

The. Epipodium or Leaf'-blade.— As already indicated, this 
part of the leaf shows a very great variety of form, ranging from 
a cylindrical outgrowth to a very much dissected and flattened 
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one. It uroallv consists of an axis which shows more or less 
evidence of branching, the axis itself and its several branches 
either becoming winged, or remaining more or less cylindrical. 
Indeed, the epipodium of the leaf is a branch system rather than 
a simple outgrowth. 

The main axis, though often winged, is not always so. It 
maybe cylindrical in form with the branches or pinnte arrangod 
along it. The branches of the first order also frequently 
remain cylindrical, and their secondary branches arc the only 
flattened portions. Sometimes, as in the leaf of the Fennel, all 
the branches are cylindrical, ami there is no flattened expansion, 



the leaf appearing almost filamentous. Similar filamentous 
leaves are found in some of the Water Crowfoots. 

The branching of the epipodium proceeds on the same lines 
as that of the stem ; it is dichotomous in some of the Hymeno- 
phyllacete, a family of Ferns; it is luonopodiai in many Dicoty¬ 
ledons, where its branches arc produced either acropetally or 
basipetally, according to {he position of the .region of active 
growth; it is cymose in many other Dicotyledons. It is usual 
to describe the types of leaves derived from the racemose and 
cymose modes of branching as pinnate oi %«Imate respectively, 
both showing considerable variety of form. 

When the axis of the epipodium remains cylindrical, and 
its branches of the first order become separately winged, the 
appearance is presented of a number of small winged expan- 
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sione, each attached tu the axis and each apparently indepen¬ 
dent. Such a leaf is called compound. According to the nature 
of the branching we get the pinnate or the palmate leaf, the 


Fid. m. 



I'm. !U. 



Fig. 93. Decurreut leut-bate of a specie- of Thistle, a. Wing of stem. 
Fig. 94. Decurreut leaves of the Uouifrey. 


separate branches being called leaflets. When the apex of the 
epipodium of the pinnate leaf is winged like the branches, tire 



Fig. 95. Digitate lent of a Lupin (Palmate type).- Fig. 96 Digitate 

leaf of I’oft ntifht. 


minal winged expansion, it is jia ripiii nate (fly. 9‘2). Various 
forms of leaves of both types will be described later. 

When the axis is winged as well as its branches, the wings 
of both are usually more or less united, giving rise to the 
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appearance of a single much-divided lamina. Such leaves, 
however much divided, are classed as simple leaves. In many 
cases with much-branched epipodia the main axis and the 
secondary axes are not winged, while the tertiary axes and 
the ultimate branches are both winged, and show a fusion of 
the wings, as in fig. 97. Such a leaf shows a combination of 
the simple and compound forms; it is common among the 
Umbelliferse. 

The fusion of the wings of the axis and its branches shows 
almost every stage of completeness from the so-called compound 
leaf to the simplest flattened expansions. Indeed, in many of 
the latter the only indication of branching that can be noticed is 


Fjo. 07. 



found in the disposition of the vascular bundles which enter 
each branch, giving rise to a pinnate or palmate venation, as 
will be described later. 

When the fusion of the wings is not complete, the several branches 
are known as lobes. It is usual to give different names to the 
apparent divisions of the leaf based on the degree of the fusion; 
if they reach to about midway between the margins and midrib 
(fig. 118), or petiole (fig. 102), they are properly called kibes, and the 
intervals between them fissures ; in composition the terms ■ fid or 
-cleft are used; if the divisions reach nearer to the base, or midrib 
( fig. 99), they are termed partitions, and the leaf is -partite ; if almost 
down to the base, or midrib, they arc called segments (fig. 100), 
and the leaf is dissected, or in composition - sectcd. 
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When the axis of the epipodium bears monopodially branches 
of the first order, which give - rise in turn to the pinnae, and all 
are winged, the wings showing similar degrees of fhsion to those 


Fig. 08. 



K 

Fio. 101. 


Fig. 09. 


Fl*. 100. 




Fig. 100. 




Fit/. »8. Crisped or curled leaf of a species of 

Mallow (Malm) - Fig. 99. Pinnatipartite 

leaf of ii species of Valerian (Valeriana 

dioica). - Fig. 100. Pinnatisected leaf of a 

species of Poppy (Papaver Aroemone). - 

Fig. 101. A decomponnrl loaf.- Fig. 102. 

Palmate leal#of a species of Passion-flower 
< PasHlfora), 


described above, we have forms which are described as bipin- 
natifid, bipinnatipartitc, or bipinnatinected respectively. Fur¬ 
ther degrees of branching and fusion are indicated by the terms 


tripinnatifid, &c. Wh^n the branching is yejy complete, Mid. 


62 


MANUAL OF TiOTANY 


jthe ultimate wings but little developed, the leaf is called deeoin- 
I pound . When the branching is not monopodial but cymose, we < 
have palmate , palmatifid, or palmatueeled leaves, the degree of 
fusion between the wings of the branches being thereby indi¬ 
cated. In such leaves the primary axis of the phyllopodium 
doeB not enter into the composition of the lamina. Cvmose 
branch systems sometimes show branches of the third order, as 
in th e pedate or pedatipartite leaf (fig. 104). 
i It is not unusual to find both types of branching represented 
' in the same leaf. Frequently in the palmate varieties we find 
that, while the main branches arise oymosely, each forms a 
monopodium. The nature of the branching may generally be 
ascertained by an inspection of the arrangement of the veins or 


Fro. 103. 


Fin. 104. 



Fia. 103. l’almatifiil leaf of the ('a-tor-ml 

Plant {liu'tnut communix). - Fig. 104. 

Pedatipartite leaf. 



vascular bundles, as shown in fig. 103, the palmatifid leaf of the* 
Castor-oil plant. Here the phyllopodium gives rise oymosely to 
seven branches, each of which develops monopodially. 

Generally the branches of the epipodium all lie in one plane, 
so that the leaf is flattened with its face towards the stem. In a 
particular variety of the palmate form lmown as the peltate leaf 
(fig. 105) this rule is departed from, the petiole being apparently 
attached to the centre o£ the leaf-blade, the.plane of which is 
thus almost at a right angle to the direction of the stalk. Tins 
is due to the fact that the younger branches grow out in front 
of the petiole, instead of in the usual literal plane, and their 
wings being coherent with each other, the petiole becomes 
apparently attached to the middle of the lamma. 

When the epipodium remains cylindrical, and bears only 
branches of the first order which are winged, constituting a 
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nuujber of leaflets, these may show at their bases certain out¬ 
growths resembling the stipules of the primary leaf-base. These 
are known as xtipeh ; they are present in certain Leguminoste. 
as Phascolus. 

When the mesopodimn or petiole is absent, the hypopodium 
or leaf-base may be winged, and its wings continuous with those 
of the lamina. The stem thus seems to be surrounded by the 
expanded base of the latter. If two leaves arise on the stem at 
the same node, their wings sometimes coalesce. We have thus 
formed the varieties known as a vriculate, perfoliate, or connate 
leaves (Jigs. 108 and 107). 

The flattened portion of the epipodium is always fouud to be 
strengthened and supported by certain strands of woody tissue 
which traverse it in various directions. Tn thin leaves these are 


Fro. 105. Flo. 100. Fin. 107. 



I'lil. 105. Peltate leaf of Tropaolum — Fin. 1UG. Perfoliate lent oi a specie-* 

of HRre’s-ear (Bupleimwi rotunda mm). - Fin 107. Connate leaver ot 

n specie* of Honeysuckle (Lnnirera Capnfoliunt ). 


visible as projections on the under surface, but in thick or suc¬ 
culent ones they are embedded in the substance of the blade. 
These strands are known as the veins, and their arrangement 
constitutes the m/ation of the leaf. The latter depends broadly 
on the mode of branching which characterises the epipodium. 

There are two marked modifications of venation. In the first 
viodificatwii the fijiro-vascular tissue, as it enters the lamina either 
k a single main vein or several similar ones, breaks up into a net¬ 
work of branches (figs. 108 and 110). In the second modification, 
a midrib runs from thj base to the apex of the lamina, giving off 
from its sides other veins, which go out to the margins, running 
parallel to each other, and axe simply connected by unbranched 
veinlets (figs. Ill, 6, and 118); or it divides at once into several 
veins or ribs, which proceed from the base to the apex (fig. 11G) or 
margins (fig. 117) of the blade, more or less parallel to one another, 
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and are in like manner connected only by simple parallel uubranehed 
veinlets (fig. Ill, a). The leaves which exhibit the first modifica¬ 
tion of venation are called reticulated or netted-veined leaveB, and 


Flo. 108. 



Flo. 110. 



Fin. 111. 



Fig. 108. Leaf of the Cherry with lamina, petiole, and The lamina 

has serrate margins, ami a large oeutral vein or midrib if* seen to proceed 
from the petiole to tin* apex of the leaf, and to ghe off from its sides the 

other rein? ( ptnnatelp reined). - fig. 109. Ribbed lea* of Cinnamon with 

entire margins.- Fig. lid. Leaf of the Melon with dentate margins. 

The venation is said to be radiated or palmately veined.- Fig. 111. a 

Parallel venation of a grass; this variety of venation oommonly called 
straight-reined, b. A variety of parallel venation sometimes termed 
curveivetned, as seen in the Banana. 


occur universally in Dicotyledons ; and those which present the 
second modification are termed parallel-veined leaves, and are 
characteristic, with some few exceptions, of Monocotyledons. 
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(X) Varieties of Reticulated or Netted Venatum. 

There are two principal varieties of this kind of venation, namely 
the feather-veined or pinnately veined , and the radiated or pahnately 
veined. 

A. Feather-veined or Pinnately veined. -In this variety the 
main vein either gives off lateral ones which proceed at once to the 
margins (figs. 112 and 113), and are connected by numerous 
branching veinlets, as in the leaves of the Beech, Spanish Chestnut, 
Holly, Oak; or it gives off branches from its sides, which proceed at 
first towards the margins, and then curve towards the apex, termi- 


Fiii. 112. Fin. 113. Fro. 114. Fin. 115. 



Fig. 112. Fuiithpr-veiiuvl loaf of the Spanish Chestnut.- Fig. 113. Feather- 

veined leaf of the Oak. Its lobes are arranged in a piimatitid manner.- 

Fig. 114. Leaf of the Dead-nettle. The venation is the true-netted, and it* 

margin* are serrate.- Fig. 115. a. Linear leaf. b. Triple-ribbed leaf of 

the common Sunflower. 

nating finally within the margins, with which they are connected by 
small veins, as in the Dead-nettle ( fig. 114) and Lilac. 

B. Radiated or Palmately reined. —This name is applied to a 
leaf which possesses two or more strong veins that arise at or 
nqar the base of tho* lamina, and diverge*fronr one another towards 
its margins, being connected by branching veins, as in the Melon 
(fig. 110) and Castor-oil plant (fig. 103). The ribbed venation, as 
seen in the Cinnamon ( jrg. 109), is but a modification of this variety, 
in which the ribs, instead of diverging from one another, run in a 
curved manner from a point at or near the base of the blade to the 
apex, towards which they converge, such ribs being connected 
together by branching veins. 

VOL. i. 
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The varieties of venation correspond to the inodes of branching 
of the phyllopodium already described, the fusion of the wings of 
the branches being almost or quite complete. 


(2) Varieties of Parallel Venation. 

There are certain characteristic variations of parallel venation. 
The main veins may either proceed in a somewhat parallel direc¬ 
tion from the base to the apex of the lamina, to which point they 
converge more or less (fig. 116), or they may diverge from one an¬ 
other towards the circumference of the blade (fig. 117). The leaves 


Fio. 117. 


Fio. 118, 




Fig. 116. Leaf Bbowlug tlK) variety of parallel venation usually railed 

straight-veined; the margin* are entire.- Fig. 117. Straight-veined 

variety of parallel venation, as seen in the leaf of the Fan Palm (Chnmcr- 

ropi). - Fig. 118. Ourve-velnnl variety of parallel venation, as seen In 

the Banana.- Fig. 119-, Forked venation of a Fern leaf; the margins 

are crenate. 


of Grasses, Lilies, and the common Flag fnay be taken as examples 
of the first variety; and those of many Palms (fig. 117) of the 
second. 

Or the leaves may have a prominent midrib, as in the feather- 
veined variety of reticulated venation, giving off from its sides along 
its whole length other veins, which proceed parallel to each other in 
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a straight or curved direction towards, and lose themselves in, the 
margins (Jigs. 118 and 111,6); and are connected, as in the last 
variety, by nnbranched veinlets. The Banana, the Plantain, and 
allied plants furnish ua with examples of this variety. This latter 
variety is sometimes distinguished as the curve-veined, the former 
being commonly known as the straight-veined or parallel-veined. 

The Shapes of Leaves. 

We havo seen that the freedom or coalescence of the wings 
of the epipodinm and those of its branches leads to the recogni¬ 
tion of two apparently different types of leaf, the simple and 
the compound. It will be convenient to discuss the peculiarities 
of these two kinds separately’. 

Simple Leaves. 

The modifications which simple leaves present as regards their 
margins, shapes, and other variations of their bladeB are extremely 
numerous. They are important chiefly as enabling accurate de¬ 
scriptions to be given of the plant to which they belong, so that its 
identity may be established and certain of its affinities indicated. 
In other respects their importance is altogether subordinate. They 
are usually considered under five beads, as follows: 1. Margins; 
2. Incision ; 3. Apex ; 4. General Outline ; 5. Form. 

1. Margins. —We have already remarked that the condition of 
the margins is dependent upon the extent to which the wings of 
the epipodium and its branches are united. If the fusion of the 
wings of the several axes is complete and extends to their apices, 
so that the margins are perfectly even, or free from every kind of 
irregularity, the .leaf is entire (figs. 92 and 116). But when the 

Fio. 120. 

AVVN 

a h 

Fin. ISO. Biagraln of the margins of leaves. 
ii. Blrvenatp, b. Binerratr. r. DuDlicaUMlentate. 

• w 

fusion is not quite complete, and the margins are uneven, we have 
several modifications, which are distinguished by characteristic terms. 
If the margins present sharp indentations like the teeth of a saw, 
and all point to the apex, the leaf is seirate (figs. 114 and 142), 
as in the common Dead-nettle; if similar teeth point towards the 
base, the leaf is described as relroserrate ; if these teeth are them¬ 
selves serrate, it is bisemate (figs. 120, 6, and 181), as in the Elm 
and Nettle-leaved Bell-flower; when the margins are minutely serrate, 
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they are termed serrulate, as in Barpsnm serratifolia. When the 
teeth are sharp, and project almost or quite at right angles to the ■ 
margin, the leaf is dentate or toothed (figs. 110 and 137), as in the 
Melon, and the lower leaves of the Com Bluebottle; when the teeth 
are themselves divided in a similar manner, it is dnphcnto-dcntute 
(fig. 130, c). When the teeth are rounded (figs. 119 and 143) the 
leaf is crenatc, aH in the Horseradish and Ground Ivy; if these 
teeth are themselves eremite it is biavnatc (fig. 120, a ); when the 
leaf is minutely crenate it is said to be crenulaled. When the 
margins present alternately deep concavities and convexities it is 
sinuated, as in some Oaks (fig. 121). This kind of leaf may be 
regarded as an intermediate condition between a toothed leaf and 
one that is pinnatifid (fig. 113). When the margins are slightly 
sinuous or wavy, as in the Holly (fig. 122), they are said to be wavg 


Fin. 121. 


Fro. 122. 



Fin. 121. Sinimted leaf of the Oak.- Fin 122. Spiny leaf of the Holly ( ihr 

A.juifuh.un ). with wavy mimmi*. ' 


or undulated ; the teeth of the leaves of the Holly are very hard and 
end in sharp points, forming spines. When the margins are very 
irregular, being twisted and curled, as in the Garden Endive, Curled 
Dock, and Curled Mint, they are called crisped or curled (fig. 98). 

2. Incision.— This term is employed when the margins of the 
blades are more deeply divided than in the above instances. The 
divisions are then commonly called lobes. 

When a pinnately veined leaf is deeply divided, and the divisions 
are very close and narrow like the teeth!' of a comb (fig. 126), it is 
said to be pectinate, as in the W r ater Milfoil; when the terminal 
lobe of a pinnately veined leaf is large and rounded, and the lateral 
lobes, which are also more or less rounded, become gradually smaller 
towards the base, it is Iprate, or lyre-shaped, as in the common 
Turnip (fig. 126); when the terminal lobe is triangular, and the 
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other lobes which are also ^ilore or less of the same shape have their 
points directed downwards towards the base of the lamina, as in the 
Dandelion (fig. 127), the leaf is said to be runcinate ; when a lyrate 
leaf has but one deep recess on each side, so that it resembles a 
violin in shape, it is termed panduriform or jlddle-shaped, as in the 
Fiddle Dock (tig. 128). 

Modifications of palmately veined leaves are also frequent. When 
the blade of such a leaf is composed of five or more branches whose 
wings are united about halfway from the base to the tip, so that the 
whole has a resemblance to the palm of the hand with spreading 
fingers, the leaf is termed palmate, as in some species of Passion¬ 
flower (Jig. 128). When the union is less complete, as in the Castor- 
oil plant, the leaf is described as jialmatifid (fig. 124). There is 
little diiierencc between those two forms, and it is better to apply 


Fio. 128. 


Fia. 124. 



hg. 123. pHlumtt. 1 leaf ot a of Ptihrion-tlowei 

Fig. 121. 1‘rtluiatiftd leaf of tlic 1‘iu.tor-oil plant ( Humus commutth). 


the term ‘ palmate ’ to compound leaves. These forms lead on to 
the compound leaf already described as digitate. Other intermediate 
forms occur. The jiedate leaf (Jig. 104) is a variety of tho palmate; 
the branching here is cymose ; the apex of the epipodium forms the 
largest lobe; from under it a branch proceeds on each side; from 
under each of these a single branch is given off on the lateral flank, 
which itself bears’another arising similarly. The wings of the 
epipodium and its branches are all united at their bases, but the 
union extends further towards the apices of the youngest lateral 
ones. The name is derived from a fanciful resemblance to the claw 
of a bird. 

Besides these modifications of palmately veined leaves, variations 
also occur, in consequence of the lobes or primary branches of the 
lamina becoming themselves branched either in a pinnate or palmate 
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manner. Descriptive terms are applied to these forms, which will be 
readily understood. 

3. Apex.— Various forms of this are described as follows. The 
apex is obtuse or blunt when it is rounded (figs. 138 and 140), 
as in the Primrose; it is retuse when it is obtuse with a broad 
shallow notch in the middle, os in the Bed Whortleberry ( Vaccinium 
Vitis-idaa ) and the leaflets of Logwood; when under the same 
circumstances the notch is sharp, or nearly triangular, it is einargi- 
nate, as in some species of Cassia (fig. 129), and in the oommon 
Box (Buxus sempervirens). When the lamina terminates very 

Fia. 126. 


Fig. 128. 


I'kj. 125. Pectinate or comb-slutped leaf.- Fvj. 12t». Lyratc leal of tbe 

common Turnip ( tiransica Rapa). - Hy. 127. Himcuiatc leaf of the 

Dandelion ( Taraxacum trficinale). - H<j. 128. Fiddle*blrnped leaf of 

Rittnrx pulcher. 

abruptly, as if it had been cut across in a straight line, the apex is 
truncate , as in the lip of the Tulip-tree (fig. 130); if under the same 
circumstances the termination is ragged and irregular, as if it had 
been bitten off, it is grrtefnorsc, as in the lea! of Carguta ureps. 
When the apex is sharp, so that the two margins form an acute 
angle with each other (figs. 132 and 139), it is acute or sharp-jmnted ; 
when the point is very long, and tapering '(fig. 187), it is acuminate 
or taper-gxnnted, as in the leaf of the White Willow and common 
Reed ; when it tapers gradually into a rigid point, it is cuspidate, as 
in many Ttubi. When the apex, which is then commonly rounded, 
has a short hard or softened point standing on it, it is mucronutc 


Via. 126. Fio. 127. 
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(ri'j. Pit!), as in tbe leaf ol Statice mucronata and Lafhtjrus 
pratensis. 

4. General Outline or Figure.- By tlie general outline or shape 
of the lamina we mean the superficial aspect or the figure which is 
described by its margins. The development of the wings is usually 
nearly equal on the two sides of the midrib or petiole, so thnt the 
lamina of the leaf is in most instances nearly symmetrical and of 
some regular figure ; in which case the leaf is Baid to be equal (figs. 
137-140). When, as occasionally happens, the wing is more 
developed on one side than on tbe other, the leaf is termed unequal 
or oblique (tigs. 129 and 131); this is remarkably the case in the 
species of Begonia (fig- 133). Generally speaking, entire leaves with 
parallel or pinnate venation are longer than broad ; while those 

Fig. 129. Fig. 130. 



tyi. 129. Leaflet of a species of Cumu. It is obovat* m flgtue or outline, 
somewhat oblique at the base, ami euiarginate at its apex.— —fig. 130. 
Branch of the Tulip-tree i Lirindne/rim t ulipi/.rum) with flower and leaves. 

The latter terminate abruptly, hence they are said to be truncate. 

which are palmately veined are more or less rounded, or broader 
than long. 

When the lamina of a leaf is nearly of the same breadth at the 
base as it is near the apex, narrow, and with the two margins 
parallel (figs. 115, a, and 138), the leaf is called linear, as in the 
Marsh Gentian (Gentiana Pneumonanthe) and most Grasses; when 
a linear leaf terminates in a sharp rigid point like a needle, as in the 
common Juniper (Jig. 135), and many of our Firs and Larches, it is 
aqprose or needle-sltaped. When the blifde of a leaf is very narrow 
and tapers from the base to a very fine point, so that it resembles an 
awl in shape, as in the (ommon Furze (Vlex europceus), the leaf is 
subulate or awl-shaped. ' When the blade of a leaf is broadest at the 
centre, three or more times as long as broad, and tapers perceptibly 
from the centre to both base and apex, as in the White Willow 
(Suli.r alba), the leaf is lanceolate (fig. 134); when it is a little 
longer than broad, of about the same breadth at equal distances from 
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its base and apex, which are slightly acute, it is oval or elliptical, 
as in the Lily-of-the-Yalley ( Convallaria majalis) (fig. 142); if 
under the same circumstances it is obtuse or rounded at each end, 
it is oblong (fig. 188). If such a leaf is more or less rounded at the 
base and its lower half is broadest, so that the whole is of the shape 
of an egg cut lengthwise, the leaf is ovate or egg-shajied, as in the Lilac 


Fio. 131. Fig. 132. Fig. 133. Fio. 134. 



Fm. 137. Fio. 138. Fig. 138. Fig. 140. 


Fill. 131. Leaf of Elm, with its margins bii-errute. and the hinniia unequal 

at its base.- Fig. 132. Unequal or oblique leaf of a specie-, of Hegonm. 

—Fig. 133. Linear leaf of Goose-gras-* ( Galium Apartne). - tig. 134. 

Lanceolate leaf.- Fig. 135, Acerosc or needle-sbapwl leaves of J uniper 

(Jnniperus communis). -/i>/.136. A cuneate and mucronate-jiointed leaf. 

- Fig. 137. Cordate uud acuminate leaf, with its margins dentate.- 

Fig. 138. Oblong leaf of ^ladder-senna ( Colulen a/-foreseens ).— tig. 139. 
Ovate leaf, with its margins serrate. — tig. 14b. Obovate leaf. 

(fig. 13!l); if of the same figure, but witlj the broad part towards 
the apex, it is obovate or inversely egg-shaped (tig. 140). When the 
lamina is broad at the apex, and abrupt-pointed, and tapers towards 
the base, as in some Saxifrages, the leaf is cuneate or vxdge-shaiicd 
( tig. 136); if the apex is broad and rounded, and thenee it tapers 
to the base, it is spathulate, as in the Daisy ( fig. 141). When the 
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lamina is broad and hollowed out at its base into two rounded lobes, 
and move or less pointed at the apex, the loaf is cordate or heart- 
shaped, as in the Black Bryony (Tamm communis) (fig. 137); if of 
the same shape, but with the apex broader than the base, and 
hollowed out into two rounded lobes, it is ubcordate or inversely 
heart-shujied (fig. 144). When a leaf resembles a cordate one 
generally in shape, but lias the apex rounded, and the whole blade 
usually shorter and broader, it is rmtfurm or kidney-shaped, as in the 
Asarabacea (Asarum europiewn) (fig. 143) ; when a leaf is reniform, 
but with the lobes at the base of the lamina pointed, so that it 
resembles the form of a crescent, it is lunate or crescent-shaped, 
as in 1‘assijlora lunata (Jig. 145). When the blade is broad and 


Fig. 141. 



Fra. 142. 


Fig. 143. 




Fm. 141. Spatliuliitc leaf.- Fty. 142. Oval 

or elliptical leaf of Pear-tree (Pjtrus com¬ 
munis), with K'rrute margins.- Fig. 143. 

Heniforiu leaf of Oiound Ivy (Xeptta Gle- 

choma ), with eremite margins.- Fig. 144. 

Trifoliate leal with obcordute leaflets. 


hollowed out at its base into two acute lobes, while it is pointed at 
the apex, so that it rcsemolcs the head of an arrow, the leaf is sagit¬ 
tate or arraw-shajted, as in the Arrowhead (Sagittaria sagittifolia) 
(tig. 146) ; when the lobes of such a leaf are at right angles to its 
axis, instead of passing downwards, it is hastate or halbert-shajied, 
as in Sheep’s Sorrel (Hume .r Acetosella) (Jig. 147) ; - when the lobes 
•are entirely separated from the rest 8f the blade, as in the upper 
leaves of the Woody Nightshade (Solatium Dulcamara), it is auricu- 
late or hastate-auricle& (Jig. 148). 

It frequently happens that a leaf does not distinctly present any 
of the above-described figures, but exhibits a combination of two of 
them, in which case we use such terms as ovate-lanceolate , linear- 
lanceolate, cordate • ovate, cordate - lanceolate , elliptico - lanceolate, 
roundish-ovate, Ac., the application of which is at once evident. 
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In many oases we find leaves of different figures on the same 
plant, which is then said to be heterophyllous. In the Hairbell 
(Campanula rotundifolia), the radical leaves are cordate or rmi- 


Pio. 145. Fio. 148. 



till- 146. Lunate ur creoceutrffjapcd leaf.- Fig. 14S. Sagittate leaf-- 

Fig. 147. Hastate leaf.- Fig. 148. A portion of the stein of tlie 'Woody 

Nightshade (Solatium Dulcamara), bearing flowering stalk and an auricu- 
latc leaf_ Fig. 149. A xub-rutund or rounded le|f, with entire margins. 

form, and the canline leaves linear ; and this difference of outline 
between the radical and stem leaves is by no means uncommon. In 
aquatic plants, again, where some of the leaves are submerged, while 
others float on the water, or rise above it into the air, as in the 
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Water Crowfoot (Ranunculus aquatilis) and Arrowhead (Sagittana. 
sagittifolia), the leaves thus differently situated frequently vary in 
shape. 

5. Form. —By this term we understand the solid configuration of 
the lamina. The terms used in defining the various forms are 
therefore especially applicable to thick or succulent leaves. .Such 
leaves either assume some regular geometrical forms, as cylindrical , 
pyramidal, conical, prismatic, &c., and receive corresponding names; 
or they approach in form to some well-known object, and are hence 
termed acicular, cnsiform, &o. Various other singular forms are 
also found, some of which will be subsequently alluded to. 

Besides the above-described modifications whioh the blades of 
leaves present in reference to their Margins, Incision, Apex, Outline, 
and Form, they also present numerous other variations as regards 
their surface, texture, colour, Ac. 

Compound Leaves. 

We have already defined a compound leaf. Its separate leaflets 
are subject to the same modifications of then- margins, incision, 
apex, outline, form, texture, surface, colour, &o., as the blade of 
bimple leaves, and the same terms are accordingly used in describing 
them. We have therefore only now to speak of the compound leaf 
as a whole, and the terms which are employed in describing its 
special modifications. We divide compound leaves into two types : 
the Pinnate and the Palmate or Digitate. 

1. Pinnate Comjiound Leaves. When a leaf of this type presents 
the appearance of several distinct portions or leaflets, it is termed 
pinnate (jigs. 03, 04, 150); and the leaflets ai'e then termed pinna. 
The leaflets are arranged in pairs in an opposite manner along the 
sides of the rachis or primary axis, and according to their number 
the leaf is said to be one-, two-, three-, oi many-paired. Several 
kinds of pinnate leaves have also been distinguished by special 
names. When the main axis of a pinnate leaf is only winged 
at the extreme apex, thus appearing to bear a terminal leaflet 
(jig. 03), as in the Bose and Elder, it is im/tari/rinnatc or unequally 
/annate, or jiinnate with an odd leaflet; it is equally or abruptly 
pinnate, or paripinnate, when the main axis of the epipodium is 
not winged at all,’but bears a number *f secondary axes which are 
winged (Jig. 94), as in some species of Cassia, the Mastich plant 
(Pistacia Lentiscus), Logwood (Hiematoxylon campechianum), and 
Orobus tuberosus; and* it is interruptedly pinnate (fig. 150) when 
the leaflets or secondary winged axes are of different sizes, so that 
small pinnae are regularly or irregularly intermixed with larger ones, 
as in the Potato (Solanum tuberosum) and .Silver Weed (J'otentilla 
anscrina). When the wing of the main axis is the largest and those 
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of the secondary axes are gradually smaller as they are nearer the 
base, it is lyratelypinnate, as in the common Turnip (jig. 161). This 
leaf and the true lyrate form often run into each other, so that it is 
by no means uncommon to find both varieties of leaf on the same 
plant, as in the common Turnip and Yellow Rocket. 

When the leaflets of a pinnate leaf become themselves pinnate, 
or, in other words, when the partial axes which are arranged on the 
common one exhibit the characters of an ordinary pinnate leaf, it is 
said to be bijiinnate (Jig. 152); the leaflets borne by the partial or 
secondary axes are then commonly termed pinnules. When the 
pinnules of a bipinnate leaf become themselves pinnate, it is In¬ 
i'w. 150, Fig. 152. 



Fig. 150. Interruptedly pinnate leaf of the Potato.- Itg. 161. Lynitely 

pinnate leaf.- Fig. 162. ilipiumite leal of a specie* of (JledUschvt. 

pinnate, as in the Meadow Rue (Thalictrum minus ) and the common 
1'arslcy (fig. 97) ; it commonly happens, however, that in these 
leaves the upper leaflets are less deeply divided, as in Jig. 97. If 
the division extends beyond this, the leaf is decompound , as in many 
Umbelliferous plants (Jig. 1(d). ’ , 

2. Palmate Compound Leaves.— Such a leaf is formed when the 
epipodium divides into several equal or nearly equal branches, each 
of which is separately winged; and hence these leaves are readily 
distinguished from those of the pinnate kind by their leaflets coming 
off from the same point, instead of, as in them, along the sides of 
a common primary axis. We distinguish several kinds of such 
leaves; a leaf is said to be binate, bifoliate, or unijugate, if it 
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consists of only two leaflets springing from a common point, 
as in Zygophyllum (Jig. 158); it is termite or trifoliate if it consists 
of three leaflets arranged in n similar manner, as in the genus Tri- 

Pui. 153. Fig. lot. Fig. 155. 



Fit), lift. A Innate or bifoliate Ion f.- Fig. 164. Ten into or trifoliate leaf. 

Fig. 165, Qiuidrifoliate leaf of A/ttrsilw guatirifolht. Fur. 15G, (Ruinate 

or qninqnefoliate lw^.- Fig. 167. Septenate leaf of the Hom'-chertnut 

{.Exculux Hippoctutaimm ).- Hg. 158. Multifoliate leaf of a Lupin. 

Fig. 15». A bitemate leaf. 

folium , which receives its name from this circumstance (Jigs, 144 and 
154); it is qundrinate or quadrifoUate if there are four leaflets 
(Jig. 155); it is quinate or quinquefoliate if there are five (Jig. 150), 
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as in Polentilla argcntca and P. aVm ; it is siyi tcnate or septemfoliaie 
if there are seven, as in the Horse-chestnut and some Potcntillas 
(fig. 157) ; and it is mullifoHate if there are more than seven, 


Fin. 100. 



as in many species of Lupin (fig. 15*). The term digitate is 
generally used when the segments of such a leaf are long and 
narrow. 

2. INSERTION ANT) ARRANGEMENT OF LEAVES. 

(1) Insertion. —The point at which a leaf is attached to the 
stem or branch is called i^s insertion. Leaves are inserted on 
various parts of the stem and branches, and receive different 
names accordingly. The first leaves which are developed are 
called cotyledons (fig. 16, r, e). The cotyledons are usually very 
different in their appearance from the ordinary leaves which 
succeed them. Leaves are called radical when they arise 
at, or below, the surface of the ground, and thus spring apparently 
from the root, but really from a shortened stem, or crown of the 
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rout, as it. is couiuioiily called. Leaves are thus situated in what 
are termed acaulescont plants, such as the Dandelion and Prim¬ 
rose. The leaves which arise from the main stem are called 
caulinc ; those from the branches irmial. 

(2) Arrangement of Leaves on the Stem, or Phyllotaxis. 
The term phi/llntn.riK is used in a general sense to indicate 
the various modes in which leaves are arranged on the stem or 
branches. The object* of the arrangement in every case is to 
secure as far as possible that the lamina? of all shall be equally 
illuminated and that they do not shade each other. The 
successful discharge of their functions will be found to depend 
npon securing this. There a re two main types o f arrangement, in 
one of which a single leaf only is produced at a node, in the other 

Fto. 161. Fro. 162. 



Fuj. 161. Wliorlert leave-* ol a species of Galium. — -Fig. 162. Decussate 
leave-* of Pmefra dreusuttu. 


two or more occur. In the former case the leaves are scattered 
or alternate ; in the latter, they are said to be whirled (jig, 101). 
The leaves constituting a whorl are usually placed symmetric¬ 
ally round the stem, at equal distances laterally from each 
other. When there are only two leaves in each whorl, they are’ 
said to be opposite. When leaves arc opposite, those of each 
pair are usually placed under the interval or space between the 
leaves of the pair above it. Those of the third pair are then 
vertically under those of the first. They are said to decussate 
(Jig. 162), and the arrangement is called decussation. When 
whorls consisting of large numbers of leaves succeed each other, 
it also frequently happens that a similar arrangement occurs, 
so that the leaves of one whorl stand above the intervals of the 
whorl below it. 
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It sometime happens that, by the non-development of the 
intomodes of an axillary branch, all the leaves of that branch 
are brought close together, in which case they form a tuft or 
fascicle (fig. 163), and the leaves are said to lie tufted or 
fascicled. Such an arrangement is well seen in the Barberry 
and Larch. That the fascicle is thus produced is rendered 
evident by the fact that in the young branches of the Larch the 
intemodes afterwards become elongated and the leaves are then 
separated from each other. 

1. Alternate Leaves .—Though this arrangement is often 
termed scattered , it does not follow that there is necessarily any 
irregularity in the position of the leaves. Indeed, it would be 
better to term the arrangement spiral, as each leaf can be ascer- 


Fio. 103. 


Fia. 3 04. 



fig. 163. Fascicled or tufted le.iun of the 

1-iHrch.- fig. 164. A portion of a branch 

of the Olierry-tree with six leaves the sixth 
of which is placed vertically over the first. 
The right-hand figure is the same branch 
magnified, the leaves having been removed, 
and numbers placed to indicate the points 
of their in=ertion. 



tained to be placed upon an imaginary spiral line winding sym¬ 
metrically round the stem, and to be at a distance from the next 
leaf upon the spiral which may be expressed by a fraction of the 
circumference of the stem. This distance, which is usually 
constant, is known as the divergence of the leaves. The spiral 
can be traced and the divergence ascertained by counting from 
any particular leaf to the first one vertically above it. If 
we take a branch of the lApple or Cherry ti%e {fig. 1(14), and, 
commencing with any particular leaf which we will mark 1, 
proceed upwards, taking the successive leaves in the order 
of their ages and joining their bases by a line or pieee of string, 
we shall find that after passing the leaves marked 2, 3, 4, and !>, 
we shall reach the one marked 0, which will be found to bo 
situated vertically over the 1st; and then proceeding further, that 
the 7th is directly over the 2nd, the 8th over the 3rd, the 9th over 
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the 4th, the 10th over the 5th, and the 11th over the 6th and 1st; 
a vertical line drawn down the stem through the base of any 
leaf will therefore pass through the base of every fifth leaf above 
and below it. These lines that can be drawn vertically dow n 
the stein through the leaf-bases are known as orthoatichies, and 
the imaginary spiral line is called the genetic spiral. Jf we 
refer again to the arrangement of the leaves in the Cherry or 
Apple {jig, 164), wo shall find that before we arrive at the sixth 
leaf, which is over the first, the string or line used to connect 
the bases of the leaves will have passed twice round the circum¬ 
ference of the branch. The point where a leaf is thus found, 
which is placed perpendicularly over the firi>t, shows the com¬ 
pletion of a scries or cycle, and thus in the Cherry and Apple 
the cycle consists of fivo leaves. As the five leaves are 
equidistant from each other, and as the line which connects 
them passes twice round the stem, the distance of one leaf from 
the other will be $ of its circumference. The fraction jf expresses 
the angular divergence, or tho length of the arc interposed 
between the insertion of two successive leaves. If a circle be 
drawn-to represent the circumference of the stem, and the position 
of the orthoatichies which bear two consecutive leav es bo marked 
upon it, and radii be drawn from them to the centre of the circle, 
the angle so formed will show thedivergence, and will be is of860°, 
or 144°. The successive leaves as they are produced on the 
stem, as we have seen, are also arranged in similar cycles. This 
arrangement in cycles of five is common in Dicotyledons. It is 
termed the pentaslichous or fire-ranked arrangement. 

A second variety of arrangement in alternate leaves is that 
which is called the distichous, or two-ranked. Here the second 
leaf on the spiral is on the opposite side of the stem to the first 
(fig. 165), and the third, being on the opposite side to the second, 
is placed vertically over the first, and thus completes the cycle, 
which consists of only two leaves; the fourth leaf is over the 
second, and the fifth over the third and first, thus completing a 
second cycle ; and so on with the successive leaves. Here one 
turn completes the spiral, so that the distance between the leaves 
is ?, the circumference of a circle, and the angular divergence is 
180°. This arrangement is the normal one in all Grasses, anti 
many other MouocotyMons; the Lime-tree (Jig. 165) and 
other Dicotyledons exhibit a similar arrangement. 

A third variety of arrangement in alternate leaves is the 
tristichous or three-ranked (Jig. 166). In this variety, if we start 
with any leaf and mark it No. 1, and then pass to 2, 8, and 4, we 
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shall find that we shall make one turn round the stem before 
coming to a leaf vertically over the first, which will be the fourth 
in order, and thus complete a cycle composed of three leaves. 
In like manner, the fifth leaf will be over the second, the sixth 
over the third, and the seventh over the fourth and first, thus 
completing a second cycle; and soon with the succeeding leaves. 
Here the angular divergence is ' s of 860°, or 120°. This arrange¬ 
ment is by far the most common one among Monocotyledons. 

A fourth variety of phyllotaxis in alternate leaves is the 
octoatichnus or eight-ranked. Examples of this variety are 
afforded by the Holly and Aconite. In this the ninth leaf is over 


Fie. 165. Fio. 166. 



Fuj. 165. Portion of a branch of tiie Lime-tree, with four leave* unanged 

in a distichous or two-ranked manner.- Fig. 166. Portiou of a branch 

with the base of the leaves of a species of showing the tristiehous 

or three-ranked arrangement. The numbers indicate the successive baser, 
of the leaven. * 

the first, the tenth over the second, the eleventh over the third, 
and so on; thus eight leaves will complete the cycle ; and, as 
the spiral line in this distance makes three turns round the stem, 
the angular divergence will be measured by $ of the circum¬ 
ference : that is, it will be § of 860°, or 135° 

We can arrange the fractions representing these divergences 
in a series thus: J, j, f, and we see that a certain relation 
exists between them; for the numerator of each fraction after 
the second is equal to the sum of the numerators of the two 
preceding fractions, and the denominator to the sum of their 
denominators. We may continue the serieB in the same way, 
when we get the fractions 3 \, &c., and we find that instances 
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of the occurrence of these more complex divergences are met 
with. Other similar series exist; we can meet with cases which 
taken together form the series j, 1, $, &c., and others again 

which may be arranged in the order j, if, ij, $, T " 3 , &e. 

In computing these fractions we have assumed that the 
genetic spiral is uniform in its direction all along the axis. It 
may pass either from right to left or in the opposite direction. 
Occasionally cases are found, however, where the direction of 
its torsion is reversed at the conclusion of each complete cycle. 
Sometimes, again, the spiral changes as the axis gets older, the 


Fig. 167. Fig. 168. 



Fig. 167. Pineapple fruit (Sotvsis), surmounted by a crown of empty bracts. 

/f/ 7 . 168. Cone of the Scotch Fir. Both show u spiral arrangement of the 
leaves. 

earliest leaves, or perhaps the youngest, being of a different 
order from the rest. Sometimes by the suppression of the 
internodes of a spiral cycle the leaves are apparently whorled or 
opposite. Such a (^cle consequently f*rms a. pseudo-whorl. 

The laws of phyllotaxis are frequently interfered with by 
accidental causes which^produce corresponding interruptions of 
growth; it iB then difficult, or altogether impossible, to discover 
the regular condition. In the case of axes whose intemodes 
are much elongated, the arrangement is sometimes apparently 
altered by torsion of the stem or branch. This may also be seen 
with short internodes, though less frequently. The direction of 

a 2 
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the torsion of the axis may be uniform, or may change in 
different regions of it. 

In Pandanus there are usually three orthostichies which 
pass straight down the stem, but sometimes a torsion of the 
latter makes them spiral instead of straight. A singular case 
of torsion is seen in Baptisia perfoliata, whose leaves, which 
are normally in two ranks, become in the upper part of the stem 
arranged in a single rank, owing to a twist of the successive 
iuternodes, first to the right and then to the left. 

All the above varieties of phyllotaxis in which the angular 
divergence is such that the orthostichies are vertical, and the 
leaves completing the cycles are thus directly over those com¬ 
mencing them, are called rectiserial ; while those in which the 
divergence is such that the orthostichies themselves arc slightly 
twisted spirally are termed cu reiser ial. The fraction expressing 
the angular divergence in any case can be easily ascertained. 
Its denominator is the number of loaves in a cycle; its numerator 
is the number of times the genetic spiral passes round the stem 
in tracing the cycle. 

We see thus that when leaves are alternate the successive 
leaves form a spiral round the axis. In the majority of cases, 
its direction in both stem and branches is the same, and it is 
then said to be homodromous ; but instances also occasionally 
occur in which its direction is not the same in both, when it is 
called heterodromous. 

2. Opposite and Whorled Leaves. —W'e have already observed, 
with regard to these modifications of arrangement, that each suc¬ 
cessive pair, or whorl, of leaves, as they succeed each other, 
is not commonly inserted immediately over the preceding one, 
but that the second pair, or whorl, is placed over the intenals 
between the leaves of the first, the third over those between the 
leaves of the second, and so on (Ji/j. 162). Here, therefore, the 
third pair of leaves will be vertically over the first, the fourth over 
the second, the fifth over the third, and so on. This arrange¬ 
ment occurs in plants belonging to the La bin tec and Oleace re, 
and is called decussation , as previously noticed. In some cases 
the successive pairs or whorls are not placed directly over the 
interv als between the loaves of those below them, but a little 
on oue side, so that we have to pass "to some higher pair or 
whorl than the third before we arrive at one which is placed 
directly over the first. Such arrangements, therefore, suggest 
that the successive pairs and whorls of leaves are arranged in a 
spiral manner with regard to each other. Opposite leaves may 
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thus be regarded as due to two spirals proceeding up the stem 
(simultaneously in two opposite directions; and the whorl as due 
to as many spirals as there are component leaves. 

Cases in which the decussation of the whorls is not exact 
may sometimes be explained by torsion of the axis. 

The constituent leaves of a whorl are usually of tho samo 
age, but not always so. In, the Characece the members of the 
whorl are developed in a definite sequence. Spurious whorls 
or pseudo-whorls may arise in certain cases where in tho bud 
one leaf develops from each of many nodes, which nt that time 
are close together. By non-development of some of the inter- 
nodes, many of these leavos continue in close proximity, and 
such clusters being separated by growth of a particular internode 
between them, the originally spiral arrangement is lost and a 
whorled one apparently takes its place. The members of each 
pseudo-whorl are, of course, of different ages. 

The alternation or opposition of leaves is generally constant 
in the same species, and even in some cases throughout com¬ 
plete Natural Orders. The plants of the Boraginacece have 
alternate leaves; those of the Caryophyllacea, opposite ; those 
of the Lahiatep, opposite and decussate; those of the Lcgumi- 
nosw, alternate; those of the Bosacete, alternate, &o. While 
the opposition or alternation of leaves may thus be shown to 
be constant throughout some complete Natural Orders, yet a 
change from one arrangement to another may sometimes be 
seen upon the same stem, as in the common Myrtle and Snap¬ 
dragon. Many plants which have opposite leaves on their 
adult parts often exhibit an alternate arrangement at the 
extremities of their young branches when these grow very 
rapidly. In other cases leaves normally arranged alternately 
become opposite, or whorled, through the non-development of 
the successive internodes by interruptions of growth; in 
others again the whole of the internodes of a branch remain 
undeveloped, the leaves then being tufted or fascicled us already 
noticed ( fig. 168). Generally, however, the relative position of 
lqfivcs is so constant in any particular-species that it forms one 
of its characteristic distinctions. 

A certain order of arrangement may often be noticed betweer 
the leaves of a stem and those of the branches springing from 
their axils. In Dicotyledons which have opposite leaves, the 
leaves of the pair first produced upon a branch usually decussate 
with the leaf at its base. In Monocotyledons the first leaf is 
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placed upon the side of the branch nearest to the stem, opposite 
to the leaf from whose axil it arises. 

(8) Arrangement of the Leaves in the Bud.— We pro¬ 
ceed now to examine what is known as vernation, or the different 
modes in which the leaves are disposed while in an unexpended 
condition in the bud. We may consider, 1st, the modes in 
which each of the loaves, considered independently of the others, 
is disposed; and 2nd, the relation of the several leaves of the 
same bud, taken as a whole, to one another. The arrangements 
of the separate leaves may be divided into :—1st, those in 
which the leaf is simply bent or folded ; 2nd, those in which 
it is rolled. Of the first modification we have three varieties :— 
1st, the upper half of the leaf may be bent upon the lower, so 

Fra. 169. Fra. 170. Fra. 171. Fra. 172. Fra. 173. 



Fra. 174. Fra. 175. 


Fig. 109- Vertical section of a reclinate leaf.- Fig. 170. Transverse section 

of a condo plicate leaf.- Fig. 171. Transverse section of a plaited or 

plicate leaf.- Fig. 172. Vertical section of acircinate leaf.- Fxy. 173. 

Transverse section of a convolute leaf.- Fig. 174. Transverse section of 

a revolute leaf.- Fig. 175. Transverse section of an involute leaf. 

that the apex approaches the base, as in the Tulip-tree; it is then 
said to be reclinate or inflexed [fig. 169); 2nd, the right half 
may be folded upon the left, as if the ends and midrib or axis of 
the leaf formed a hinge, as in the Oak and Magnolia, when it is 
called conduplicate (fig. 170); 3rd, each leaf may be folded up 
a number of times like a fc fan, as in the Sycamore, Currant, and 
Vine, when it ib plaited or plicate {fig. 171). Of the second 
modification we have four varieties:—1st, the apex may be 
rolled up on the axis of the leaf toward^' the base, like a crosier, 
as in the Sundew and Ferns, when it is circulate {fig . 172); 
2nd, the whole leaf inay be rolled up from one margin into a 
single coil, with the other margin exterior, as in the Apricot and 
Banana, in which case it is convolute {fig. 173); 3rd, the two 
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margins of the leaf may both be rolled inwards on the upper 
surface of the leaf towards the midrib, which remains im¬ 
movable, as in the Violet and Water-lily, when it is involute 
{fig. 175); 4th, the two margins may be rolled outwards or 
towards the midrib on the lower surface of the leaf, as in the 
Dock and Azalea, in which case it is revolute (fig. 174). 

We pass now to consider, secondly, the relation of the 
several leaves of the same bud, taken as a whole, to one another. 
Of this we have several varieties which may also be treated of 
in two divisions:—1st, those in which the component leaves are 
flat or slightly convex ; and 2nd, where they are bent or rolled. 

Fio. 170. Fm. 177. 
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Fm. 179. Fig. 180. Fig. 181. Fig. 182. 



Fig. 178. 




Fuj. 176. Transverse section of a bud to show the leaves arranged in a 
valvate manner.- Fig. 177. Transverse section of a bud to show im¬ 
bricate vernation.- Fig. 178. Transverse section of a bud to show 

twisted or spiral vernation.- Fig. 179. Transverse section of a bud to 

show' induplicate vernation.- Fig. 180. Transverse section of a bud 

showing equitant vernation.- Fig. 181. Transverse section of a bud 

showing obvolute vernation.- Fig. 182. Transverse section of a bud 

showing snpervolnte vernation. 

Of the first division we may recognise three varieties:—1st, that 
in which the leaves are placed nearly in a circle or at the same 
level, and in contact by their margins only, without overlapping 
each other, when they are valvate (fig. 176); 2nd, that in 
which the leaves fire placed at different levels, and the outer 
successively overlap the inner to a greater or less extent by 
their margins, as in Jhe Lilac, and in the outer scales of 
the Sycamore, when they are said to he imbricate (fig. 177); 
and 3rd, when leaves are placed as in imbricate vernation, and 
one margin of each leaf overlaps that of another, while the other 
margin, in its turn, is overlapped by a third, the vernation is 
twisted or spiral (fig. 178). A variety of the valvate arrange- 
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nicnt is the indnplicate form, in which the edges of the leaves, 
instead of merely touching, arc bent inwards for some little* 
distance (fig. 179). Of the second division, that is where the 
component leaves of the bud arc bent or rolled, wo have three- 
varieties :—1st, when the leaves are condnplicate, and each 
completely infolds all those younger than itself, so that in trans¬ 
verse section they seem to sit astride of them, as in the Privet, 
they are equitant ( fig. 180); 2nd, when the half of one con- 
duplicate leaf receives in its fold the half of another folded in 
the same manner, as in the Sago, the vernation is half-equitant 
or o bvotutr (fig. 181) ; and 8rd, when a convolute leaf encloses 
another which is rolled up in a like 
manner, as in the Apricot, the verna¬ 
tion is supervolute (fig. 182). 

The terms thus used in describing 
the different kinds of vernation are 
also applied to the component parts of 
the flower-bud, under the name of 
(estivation or prafi oration, though the 
arrangements of the latter are more 
complex. When speaking of the 
flower-bud, we shall have therefore to 
refer to some of them again, together 
with others not found in the leaf-bud. 

8. OTHER MODIFICATIONS OF THF, 

LEAF. 

Besides the kinds of leaf which wo 
have now examined, there occur others 
which serve various purposes, and are 
frequently adaptations to special habits 
of life; such are spinous leaves, leaf- 
trndrils, and pitchers. Either the whole leaf or part of it may 
undergo modification of this kind. We have again the various 
forms of scaly or catapliyllary leaves, and hie leaves specially 
connected with reproductive structures, including the sporophylls 
and other leaves of the flower and inflow'seence. 

Leaf-spines. —Any part of the leaf may exhibit a spiny 
character. In the Holly (fig. 122) and many Thistles (fig. 98), 
the veins project beyond the blade, and become hard and spiny : 
while in the Barberry (fig. 188) the whole lamina becomes 
spinous. The whole epipodium assumes a spiny character in 


Fio. 183. 



JFHfl. 183. A portion of a branch 
of the Barberry (Bertvris 
rulflurix), bearing spiny 
leaves. The nppor leaf is 
composed entirety of hard¬ 
ened veins without any 
parenchyma between them. 
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some species of Astragalus also. The stipules sometimes 
become transformed into spines, as in Bobhiia pseud-acacia 
( Jhl. 93). 

Spines of loaves may be readily distinguished from the 
thorns already described, which are modified branches, because 
the latter always arise from the axil of the leaf, instead of from 
the leaf itself. Spines may be readily distinguished from 
prickles by their internal structure. 

Leaf-tendrils .—Various parts of the leaf may become trans¬ 
formed into tendrils, the organs sensitive to contact, which have 


Fio, 184. Fto. 18G. 
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Ftp. 184. Loaf of a sjtecies of LnJhyrut. showing a wiugrd petiole, with two 

iiftlf-mgittatp stipule* at its bnse, ami terminate! bv a tendril.- Ftp. 185. 

A ]>ortion of the stem of hPhyrux Aphnctt, with stipules,#, and eirrhose 

phyllopodimn, v. - Fip. 18G. A portion of the stem of Simla r. bearing a 

petiolftte lenf, and two tendrils in plaee of stipules. 

already been described in connection with the modifications of 
the stem. Their purpose is to enable a weak-stemmed plant 
In climb up any Support with wliiclf they come in contact, and 
round which they can twine. Such tendrils may be a prolonga¬ 
tion of the leaf-blad^ beyond the apex, as in Qloriosa superha, 
the leaflets of a compound leaf in many of the Leguminoste 
(figs. 82 and 184), the whole petiole in Lathyms Aphaca 
(fig. 185), and the stipules in Smil-ax (fig. 186). 

Ascidia or Pitchers .—These arc the most remarkable of all 
the anomalous forms presented by leaves. They may be seen 
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in the species of Nepenthes or Fitcher-plants {fig. 187), in the 
species of Sarracenia or Side-saddle plants {fig. 188), and in 
many others. In Sarracenia {fig. 188), the pitcher appears 
to originate much as does the peltate leaf; by further basal 
growth it becomes tubular. In Nepenthes {fig. 187), the 
petiole is winged for a certain distance, then assumes the ap¬ 
pearance of a tendril, and ultimately bears a pitcher, p ; this is 
arched over by a lid, l, which is united to it by an articulation. 

E quit ant Leaves. —A peculiar form of leaf is seen in Iris, 
PJwrmium, and certain other Monoootyledonous plants. The 
leaf is long and comparatively narrow, and its flattened surfaces 


Fia. 187. Fig. 188. Fm. 189. 



Fig. 187, Pitcher of it specie* of Pitcher-plant (A 'epenthet dwtlJluforta). 

p. Pitcher covered by the lid, /.- Fig. 188. Pitcher of the Side-saddle 

plant (Sarracenia purpurea). -/ ig. 189. Pitchers of Hehamphora. 


are directed laterally like those of phyllodes. Its construc¬ 
tion can be determined by an inspection of its base, where 
it is seen to be split partly up one edge, the split embracing 
the next leaf. The blade is, in fact, folded along its centre, and 
the upper surfaces of the felds are united togettier along nearly 
the whole of the lamina. One edge of the blade so corresponds 
to the conjoined margins of the leaf, the other to its central line, 
and the two sideB to the whole dorsal surface. The upper surface 
is only exposed at the sheathing base. 

Scaly or Catapliyllary Leaves. —These are of very simple 
structure; they occur as coverings to buds and thin membranous 
coatings to tunicated bulbs and corms. The fleshy leaves which 
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form the bulk of tnnicated or scaly bulbs may be included here. 
They do not contain chlorophyll, and are usually storehouses 
of nutritive materials In some parasitic and saprophytic plants, 
such as the Broom-rapes, and certain Orchids, fleshy scales 
replace the ordinary foliage leaves. 

Floral Leaves ,—These include the various forms which occur 
in connection with the mechanisms of spore production. They 
will be discussed later in more detail. They show much 
peculiarity of form, colour, and arrangement. 
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CHAPTER II. 

MORPHOLOGY OF THE REPRODUCTIVE ORGANS. 

The life of an individual being but limited in its duration, we 
find various mechanisms developed to continue the existence of 
the species ; these form the Reproductive Organs. We have seen 
that new individuals are produced from existing ones by various 

i nethods, which may be grouped into three classes, known 
■espectively as the vegeta tive, the asexual, and the sexual. 

Instances have 'already been given of the origination of 
special adventitious buds upon various parts of plants which, 
becoming detached from the parent form, can carry on inde¬ 
pendent existence. Such are the young plants arising on the 
stolons or runners of the Strawberry, or on the leaves of 
Bryophyllum : all such belong to the first group. We have also 
found that plants produce from time to time special cells which 
fall away from the parent and are by themselves capable of 
.giving rise to new plants. When these asexual cells occur upon 
the sporophyte they are termed spore s ; wEen they arise upon 
the gametopbyte, as they do in the Alga* and Fungi, they are 
called nnyiAin We have noted, further, that in other cases 
special cells are produced which unite in pairs to form new 
cells, from which again the new phase or form of the plant is 
developed: these are sejuaJ^ells or g amet es^ The two forms 
or phases are named sporophytes and gametophytes, on account 
of their bearing spores and gametes respectively. The gameto- 
phyte, besides bearing its'gametes, may, as jiffct mentioned, alsjo 
bear asexual cells or gonidia, indistinguishable in their structure 
and behaviour from the spores of the sporophyte. The sporo¬ 
phyte, however, never gives rise to gametes. 

On germination the asexual cells, whether spores or gonidia, 
give rise to gametophytes; in all forms above the Thallophytes 
the cell (known as a zygote ) resulting from the fusion of the 
gametes develops into a sporophyte. In some Thallophytes the 
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zygote gives rise to a rudimentary sporophyte ; in others to a 
gametophyte. 

We may now examine separately the vegetative, asexual, 
aud sexual reproductive mechanisms. 

Section I. 

VEGETATIVE REPRODUCTIVE STRUCTURES. 

Vegetative reproduction is the simplest manner of producing 
a new individual, and can in the lower forms often hardly be 
distinguished from ordinary growth. It can bo illustrated by a 
series of examples. In the lowest Fungi and Alga 1 , in whieli the 
plant consists only of a single cell, as in Yeast, an outgrowth 
from the cells appears, which becomes detached and forms a 
new individual, giving rise to others in turn. Sometimes the 
process is so rapid that the new cell gives rise to another before 
being detached, and this may go on till a chain of cells is 
formed. Each of these is, however, an independent Yeast 
plant, and the separation is a mere matter of time. This 
process is known as budding. In other cases, as in the Desmids, 
the cell divides into two, each of which, by subsequent growth, 
becomes a new individual. This is only slightly different from 
the first process, and is known as fission. 

In more highly differentiated plants certain portions of the 
parent are detached, which develop into the adult forms. These 
are generally known as genuine, and may be unicellular or 
multicellular. Instances are found of the former among the 
Fungi; of the latter in higher groups also, particularly the Liver¬ 
worts and Mosses, where they are developed in special places. 
In the former group they arc found in cup-liko receptacles upon 
the upper surface of the thalloid stem; in the latter their 
position varies greatly. In the Lichens small portions of the 
thallus arc set free ; these are known as soredia. They have the 
same structure as the thallus itself. 

In many plants branches frequently become independent by 
the perishing of tl*i main axis on whifjji they originate. In the 
c8se of the runner of the Strawberry a bud is developed on the 
stem which puts out roots and attaches itself to the ground. 
Then the stem on whifh it arises perishes, and the new plant 
lives for itself. Other cases of similar behaviour are furnished 
by the production of bulbs or corms in many plants, and in the 
behaviour of many rhizomes. 

Cuttings illustrate the same mode of reproduction. A piece 
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of the stem, with buds and leaves, when separated from the 
parent and planted in soil, will, under appropriate conditions, 
put out roots from the out surface, and thus replace the parts 
missing, and lead an independent life. Buds may arise from 
wounded leaves or petioles under similar conditions. 

In this mode of reproduction the form of the plant from 
which the new one is derived remains unchanged. Thus 
sporophyte gives rise to sporophyte, gametopbyte to gameto- 
phyte, and there is no alternation of generations. 

Section II. 

ASEXUAL REPRODUCTIVE ORGANS. 

The Scores. 

The relative dimensions of the sporophyte and gameto- 
phyte in the different classes of plants vary considerably. 
There is, however, a somewhat regular series in both. The 
morphology of the gametophyte will be treated of in a subse¬ 
quent chapter. The sporophyte can be distinguished only with 
difficulty in the Algae and Fungi, and many of these plants do 
not possess one; in the Mosses the sporophyte is the theca, 
capsule, or sporogonium, which is developed from a fertilised 
cell or z ygote at the apex of the leafy shoot. In the Ferns the 
sporophyte is the so-called plant, as it is in the Equisetums and 
Club-mosses. The Phanerogams show the sporophyte in its 
best development, the plant as we see it representing that phase. 

The reproductive organs of the sporophyte are specialised 
cells known as gggs. These are generally single cells, usually 
furnished with a tough, sometimes much-thickened coat, en¬ 
closing, in addition to its living substance or protoplasm, various 
nutritive materials, such as starch, sugar, oil, &c. The spore- 
coat in some cases is thin and delicate. Spores are produced in 
various ways in different plants, but are usually found in special 
receptacles known as sporangia . 

As we have already .said, similar asextal cells are very 
generally borne upon the gametophytes of the Algae and Fungi. 
These are known as gonidia, and the structures in or on which 
they arise may be called gonidungia. • 

In the cases where the spore has no outer wall, it must be 
regarded as a naked piece of protoplasm. It is then frequently 
furnished with a number of vibratile threads at one or more 
points of its surface, by which it can move freely about in 
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water. Such a spore is known as a zoospore. It only occurs 
in the lowest forms of plants, the Alg® and Fungi. 

' The asexual cells, or gonidia, which are borne upon the 
gametophytes of the Alga; and Fungi, have the same structure 
as spores. 

In the Vascular Cryptogams the sporophyte of some plants 
produces one kind of spore only; that of others gives origin to 
two kinds, which differ from each other in size and in the form 
of gametophyte to which they give origin. They are known! I 
as microspores and macrospores or megaspores respectively. 
According to whether one or two kinds of spore are produced, 
the sporophyte is called homosporous or heterosporous. The 
Phanerogams are all heterosporous, and special terms are 
employed to characterise their microsporeB and megaspores 
respectively. The former are known as pollen-grains, and the 
latter as embryo-sacs. These terms were employed before tho ( 
true nature of these structures was known; it is convenient to 
use them still, recognising, however, their true morphological 
nature. 

The Sporanyia. 

A good deal of variety is found in the form of the organ on 
or in which the spores or the gonidia originate. In unicellular 
plants the whole cell may become a sporangium or gonidangium, 
as it sometimes does in Yeast, where its contents divide into 
four parts, each of which becomes surrounded by a cell-wall, and 
the four spores so formed become liberated by the disintegration 
of the original cell-wall. In many Fungi there is no special 
gonidangium, but the gonidia are abstrieted from certain special 
cells of the filament or the surface of the thallus, and frequently 
form long chains which eventually separate into distinct gonidia. 
In others the gonidia are solitary at the end of a filament. 
Some botanists regard these as gonidangia, each producing a 
single gonidium. 

In higher plants the sporangium is not a single cell, but a 
differentiated multieellular body. 

' In the group of the Bryophyta, or Moss-like plants, there are 
no definite sporangia, but the spores are produced in a special 
part of the sporophyte, Known as the capsule or sporogonium. 
This must not be confused with a sporangium, as it contains 
other structures than spores; it is a highly complex body, and 
forms the greater part of of the sporophyte. 

In all plants above the Mosses the sporangium is a well- 
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iifferentiated roundish or ovoid structure, possessing a wall or 
joat, often furnished with particular cells to secure its opening 
when ripe. In the interior is a cavity, in which the spores' 
lsually lie free and present the structure already described, 
i The position of the sporangia varies also. UBually they arise 
on leaves, which are then known as eporophyll*, each of which 
in a y bear one, two, four, or many. They may be on the back 
of the leaf, as in most Ferns; on its edges, as in the case of the 
megasporangia, or ovules, of most Phanerogams ; or in its axil, 
as in many Lijcopoiliiuc ; or embedded in its substance, as in the 
Ophioglomicete and the anthers of the Phanerogams. The 
megasporangia of the Yew-tree among Gymnosperms, and those 
of certain Angiosperms, arise on the axis or stem, and not upon 
the leaves. The mogasporangia are more frequently borne on 
the axis than are the microsporangia. 

In many cases the sporangia are found in isolated groups, 
p when each group constitutes a sorus, as in most Ferns. Some¬ 
times the sporangia in a sonts are not isolated but coherent 
together, as in ManUtiii, and in the anthers of the Phanero¬ 
gams. 

» When a plant bears both microspores and megaspores, spo- 
/ rangia producing each kind may be present in the same sorus; 
j or a sorus may consist of either micro- or megasporangia. 

Generally, though not always, the sorus is covered and pro- 
; tected by an outgrowth of the surface of the plant, known as an 
i t qdttnium . The sorus is represented in the Phanerogams most 
clearly in the arrangement of the microsporangia of some Cr cads, 
which are collected into groups on the surface of a modified leaf. 

A kind of indusium is present in the Cupressinra•, where the 
sporangia when young are eo\ ered by an outgrowth of the under 
surface of the sporophyll. 

In other cases the sporangia are single and not grouped. 
Such sporangia then represent sori, and each may be covered by 
an indusium, as in the case of the megasporangium of Asolla. 
Some botanists hold that the coats or integuments which invest 
closely the megasporanpium of the Phanerogams, generally 
called the ovule, represent this indusium. 

When the spores are mature they are liberated by the burst¬ 
ing of the sporangium wall, and they give rise to their gameto- 
phytes after this liberation, the latter thus being free from the 
sporophyte. As already noted, however, an exception to this is 
found m the case of the megaspore of the Phanerogams, which 
germinates in situ in the sporangium (ovule). 
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The megasporangium of the Phanerogams shows consider¬ 
able diversity of form in different plants. It will be convenient 
to reserve a discussion of its principal features till the end of the 
present chapter, where it will be treated of under its popular 
name ovule. 

The Hporophore or Inflorescence. 

in the sporophytes of all the higher plants, the sporangia, 
and the sporophylls on which they arise, are collected together 
to a greater or less extent, and thus give rise to peculiar niodi- 
tications of the ordinary vegetative body. In the so-called 
Flowering Plants, or Phanerogams, ths sporophylls with their 
sporangia occur in special structures known as flowers. These 
in turn are usually arranged upon special branches, which form 
a branch system, sharply marked off from the remainder of the 
plant. This branch system constitutes what is generally called ( 
the sporophorc or ivflorevcen.ee. In many of the lower plants I 
the inflorescence is not so conspicuously shown, the sporophylls 
often resembling the foliage leaves and not being collected into 
dowers. The term flower should not, however, be restricted to i 
the so-called Flowering Plants, but may be applied to any shoot j 
especially adapted to spore-production. The flower of the 1 
Phanerogams consists of an axis, generally bearing leaves, which 
may be of two kinds: the sporophylls, or those which carry the 
sporangia, and certain protective leaves which hear the name of 
the perianth. Sometimes the axis bears no leaves, and the 
sporangia arc developed upon the axis itself, as in the case of 
the ovule of the Yew-tree. Usually in Phanerogams the' 
flower includes two kinds of sporophylls: those bearing 
microsporangia, which are named stamens-, and those carrying 
nfegasporangia, which are known as carpels. Many flowers, 
however, contain only one of the two, and are then known as 
shun mate and pistillate respectively. 

The sporophyll may present many forms : in most Ferns it ' 
can be distinguished from an ordinary foliage leaf only by the 
presence of the speftangiu on its under surface; in the Equi- 
seturns, or Horsetails, it is a peltate scale; several spring 
together from the apex of the shoot, each bearing many sporangia 
between the scale and the axis; in most Gymnosperms the form 
varies from a structure similar to that of Equisetum, to a broad- 
based, scaly leaf, with the Bporangia on cither its dorsal or 
ventral surface, as in the staminate and pistillate flowers of Pinus 
respectively. In the Angiosperms the stamen is a club-shaped 
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body with a swollen head; the carpel is more leaf-like, looking 
in its simplest form like a leaf folded upon its midrib, as^' f 
the latter were a hinge. Its upper surface so becomes internal, 
and its margins are united in front, forming a closed chamber, 
the ovary. Often when several carpels are situated side by 
side, instead of their two margins uniting together, the margins 
of each fuse with those of their contiguous neighbours, forming 
a single chamber. 

In plants higher in the scale than the Ferns the sporophorc 
Fi«. 190. 



forms a distinct branch system, easily distinguishable from the 
vegetative one. in consequenco of its ultimate shoots taking 
the form of flowers, it is known as the in/lo rest-nice. It shows 
a very great variety of form, depending on the mode of branching 
and the relative development of its several parts. These 
varieties must be treated of in some detail. 

As in the case of the vegetative brand) system, we have to 
discuss the axis and its ramifications, and the leaves which are 
borne upon it. The latter are all more or less specialised, but 
fall into two categories, the leaves of the flower or ultimate 
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branch, and those of the axis apart from the liower, which are 
,jjicliided under the general term bract, or lii/psophi/ll. It will 
be convenient to examine the latter first. 


1. THE BRACT. 


The term bract is properly applied only to the leaf from the 
axil of which a solitary flower or a floral axis arises. All other 
leafy structures which are found upon such an axis in the 
eases in which it occurs, and which therefore come between 
the bract and the flower properly so called, should be termed 
bractlcts or bractcvlea. These two kinds of bracts are, however, 
not always distinguished in practice, 
the term bract being frequently used to 
designate either variety. 

Bracts vary much in appearance 
and in dimensions. Some of them are 
of considerable size and green in colour, 


Fw. 1111. 



l'iu. 192. 


Fin. 193. 




Fig. 191. Flown mg stalk of tbe rimpernel (Amyalln 
by b. Kolitfuy flowers arising from the 
axil of the leafy bracts, a, a .— Fig. 102. Calyx of 
the Mar^li-mallow (Airhint officinalis), surrounded 
by an epiealyx or involucre. — Fig. 193. Flower 
of the Htrawlieriy (FrayaHn cesat), surrounded by 
uu cpiculyx or involue) c. 

so that in most respects they are almost 
indistinguishabl# from the ordinary 
foliage leaves of the plant upon whieh 
t^jey are placed, as in the White Dead- 
nettle (fly. 190), and in the Pimpernel 
(fly. 191, a , a). Such bracts can really 
often be distinguished from the foliage leaves only by their 
position with regard to the flower-stalk or flower. In most 
eases, however, bracts, although very commonly of a greenish 

h2 
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colour, are smaller than the foliage leaves. In many plants 
they may be known from the ordinary leaves not only by thtjf 
position, but also by differences of colour, outline, and texture, 
and by other peculiarities. A number of them which are fused 
together to form the cupule of the Oak (Jig. 197) are hard 
and woody; in the Hop (Jig. 216) they are membranous; in 
certain plants of the Araveic and Euphorbiuccic, coloured; in 
the dower-heads of the Composiltc, scaly; and other modifica¬ 
tions also occur. 

Sometimes, when a number of bracts are situated in a whorl 
immediately below the calyx, it is difficult to determine whether 
they should be considered as a part of the calyx or as true 
bracts; in most flowers of the order Malvtweie, for instance, 
wc have a circle of leafy organs placed just below the calyx, to 
which the term epicalyx has been given (Jig. 192). 

Almost all inflorescences arc furnished with bracts of some 
kind or other; it frequently happens, however, that some of 
the bracts do not develop axillary flower-buds, just in the same 
manner as it occasionally happens that leaves do not produce 
leaf-buds in their axils. In some cases the non-development of 
flower-buds in the axil of bracts appears to arise simply from 
accidental causes; but in others it occurs very regularly; in 
the Purple Clary (Salvia Horminum) and the common Pine¬ 
apple (Jig. 167) a for example, there are numerous bracts without 
flower-buds placed at the apex of the inflorescence. Such bracts 
are called empty. When bracts are absent altogether, as is usually 
the case in the plants of the natural order Cntcifene, and those 
of the Boraginaceie, such plants are termed ebructeate ; when 
bracts are present, the inflorescence is said to be bracteate. 

Arrangement and Duration of I tracts. -Bracts follow the same 
laws of arrangement as true leaves, being alternate, opposite, or 
whorled, in different plants. The bracts of the I’iueapple-fruit (Jig. 
167) show in a marked manner a spiral arrangement. 

Bracts vary in their duration: when they fall immediately after 
the flower-bud expands^they are said to bo deciduous; when they 
remain long united to the floral axis, they are persistent. In Gome 
plants they persist and constitute a part even of the fruit: in the 
Hazel-nut and Filbert they form the cupule (fig. 198), in the Acorn 
they constitute the cup (Jig. 197); and in the Hop (Jig. 216), in the 
Fir-cones (Jigs. 168 and 243), and Pineapple (Jig. 167), they persist 
as membranous, woody, fleshy, or scaly appendages. 

Varieties of Bracts .—Bracts have received special names accord, 
ing to their arrangement and other characters. The bracts of 
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that kind of inflorescence called an amentum or cat Inn, as seen in 
^e Willow (Jig. 214), Oak, Hazel (fig. 194), Birch, and other plants, 
are usually of a scaly nature, and are termed squanup or scales ; 
or the bracts are described as sqmnums or scaly. The braots of 
the pistillate flowers of the Hop (fig. 215) are of a similar character. 

When a circle or whorl of bracts is placed around one flower, as 
in the Marsh-mallow (Jig. 192) and Strawberry (fig. 193), or around 
a number of flowers, as in the Carrot (fig. 195) and most other 
Umbelliferous plants, they form what is termed an involucre. In 
some Umbelliferous plants, as, for instance, the Carrot (fig. 195), there 
are two involucres, one at the base of the primary divisions of the 
floral axis or general umbel, a ; and another at the base of each of 
the partial umbels or umbellules, b, b ; the former is then called the 

Fro. 194. Fm. 195. 



general involucre; and each of the latter an involucel or partial 
involucre. In plants of the natural order Composite, such as the 
Marigold (fig. 196), Artichoke, Chamomile, and Daisy, and in some 
allied orders, a somewhat similar arrangement of bracts takes place, 
and the name of involucre is also applied in these cases. In the 
involucres of the Compositte there are frequently two or three rows 
of bracts thus overlapping one another; the constituent bracts of 
these latter involucres have been termed phyllaries. Sometimes 
the bracts of an involucre grow together at their bases, and form 
ultimately a sort of cup-shaped body surrounding the fruit, as the 
cup of the Acorn (fig. 197) and the husk of the Filbert or Hazel-nut 
(fig. 198); they then form what is called a cupule. 



102 


MANUAL OF BOTANY 


When a bract, is of large size and 
a single flower or a number of flowi 


Fin. 196. 



Fig. 19C, dapitulmn of Marigold (Calm- 
itula ), showing the flowers enclosed m 
an involucre. 


surrounds, as a kind of Bheath, 
‘vs, so as to completely enclose, 
them while they are young, 
ns in the Snowflake (Jin. 199), 
the common Arum or Cuckoo- 
pint ( fit/. 200), and Palms (fin. 

217) , it is called a spathe. The 
spathe is generally found sur¬ 
rounding the kind of inflores¬ 
cence called a spadix, as in the 
Arum (fiii/. 200) and Palm (fir/. 

218) ; it is also very common 
in other Monocotyledons. The 
spathe may be either green 
like an ordinary leaf, as in the 
Cuckoo-pint; or coloured, as 
in Uichardia (vthiopica. In 
some Palms these spathes are 
of great length, occasionally 
even as much as twenty feet; 
and as many as 200,000 flowers 
have been counted in them. 
Sometimes the spadix of a 
Palm branches (fig. 218), and 


Fia. 197. 


Fro. 198. 




Fill. 1ST, Fruit ot the Oak (Qurra/j Rubur), mirrnuuded by n eupnte. 

Fig. 198, Fruit ot the Hard (Corglus Arelluuti), with a eiipule at its base. 

then we frequently find smaller spathes surrounding its divisions, 
which have been named s pathella. The term spathe is sometimes 
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restricted to the large enveloping bract of the spadix ; the bracts of a 
similar character, which enclose only a single flower or at most very 
few, as frequently occurs among Monocotyledons, are then called 
spalhaceous bracts. 

Besides the bracts which surround the head of flowers of the 
Composite and form an involucre, it frequently happens that the 


Pin. 199. Fin, 200. 


Pio. 201. 



Fig. 199. Flower of the Spring Snowflake (Levcofum rernum ), arising from 

the axil of a spathaoeous bract or spathe.- Fig. 200. Spadix of Ouekoo- 

plnt (A funt maculntum) enclosed in a spathe, a portion of which has been 
removed to show the flowers within.- Fig. 201. Receptacle of the Cha¬ 

momile (Anthemis nobilis X bearing tubular flowers (florets), a, and 

bracts, b; the latter are sometimes termed palece. - t ig. 202. Locusta 

or spikelet of the Ottt(Avem sativa). gl,ol. Glumes. ps,pt. Paleas or 
poles, a. Awn arising from the dorsum of the outer pale, ps. f$. An 
abortive flower. 


individual flowers or florets (Jig. 201, a) are also provided with little 
bracts, 6, which are th§n generally membranous in texture, and 
colourless, as in the Chamomile. These have received the name of 
palece, or—to distinguish them from certain floral leaves found in 
Grasses which are known by the same name—they may be termed 
palets of the receptacle. 

The only other bracts which have received special names are 
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those found in plants of the Gramiimr. and Cyperacea-. The partial 
inflorescence of a Grass, which is termed a locust a or spilielet, has 
its base one or two bracts, which are called glumes (fig. 202, gl, gl ): 
while in the Cyperace® each flower arises from the axil of one or 
two similar bracts. 


2. THE AXIS. 

The various kinds of branching that have already been 
examined have been seen to be three—the dichotomous, the 
monopodial or racemose, and the cymose, usually sympodial. 
In the inflorescence wo find the first of these doubtfully or not 
at all represented; we have therefore to deal only with the last 
two. These are sometimes called Indefinite or Indeterminate 
and Definite or Determinate respectively. In the former, the 
primary floral axis is never terminated by a flower; hence it 
has the power of either growing in an upward direction, in the 
same manner as a stem or branch has the power of elongating, 
and thus adding to its length, or of dilating more or less hori¬ 
zontally. There is consequently no necessary limit to the 
growth of such an axis, and hence the name of Indeterminate 
or Indefinite which is applied to it. Such an axis develops 
flower-buds in aeropetal succession as it continues to elongate ; 
from them flowers are produced, and these, like the buds of a 
stem or branch, are commonly situated in the axils of leaves 
which are here called bracts, as we have seen. All the flowers, 
therefore, of an Indefinite Inflorescence must be necessarily 
lateral. This inflorescence is also termed monopodial. The 
general characters of Indefinite, Indeterminate, or Monopodial 
Inflorescences depend therefore upon the indefinite growth of 
the primary axis; while the ultimate axes which are developed 
from it are terminated by flower-buds. In Definite or Deter¬ 
minate Inflorescences, on the contrary, the primary axis is ter¬ 
minated at an early period by the production of a flower-bud ; 
such an axis has therefore a limit at once put to its growth in 
an Upward direction, and hence the names of Definite, Deter¬ 
minate, or Terminal, applied to it. ‘ 

Each of these primary divisions presents us with several 
modifications, and a third class is not, uncommonly met with, 
which, as it includes both modes of Branching, is commonly 
spoken of as mixed inflorescence. 

Before discussing the different forms of these, there are cer¬ 
tain peculiarities and varieties of the axis itself which we must 
consider. 
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The tenu peduncle is applied to the stalk of a solitary flower, 
whether axillary (fig. 191, h, b) or terminal (fig. 190), and to a 
floral axis which bears a number of sessile flowers ( figs. 211 
and 212); if the floral axis branches and each branch bears a 
flower (figs. 209 and 210), the main axis is still called a peduncle, 
and the stalk of each flower a pedicel-, if the axis is still 
further subdivided, the general name of peduncle is applied 


Fio. 203. Fio. 204. 



Fin. 205. 


f Fhj. 203. Hypanthodinm of the Fig (Ficus Carica), 
showing pear-shaped fleshy receptacle bearing 

flowers on its iiyier surface.- Fig. 204. Ooen- 

nntlnum of a species of Dor&tenia. - Fig. 206. 

Female plant of Valhtneria tpiralis, with its 
flowers arranged on spiral peduncles. 


to the whole, with the exception of the stalks immediately 
supporting the flowers, which arc in all such cases called pedicels. 
When the floral axis is thus branched, it is better to speak of 
the main axis as the primary axis If fig. 210, a'), its divisions 
a£ the secondary axes, a", and their divisions as the tertiary 
axes, a'", &c. 

• 

Kinds of Peduncle .—Under certain circumstances peduncles and 
pedicels have received special names. When a peduncle is elongated, 
and gives off from its sides sessile flowers (figs. 211 and 212), or 
branches bearing flowers (figs. 209 and 210), it is called the rachis ; 
but if, instead of being elongated, it becomes more or less dilated, 
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and bears numerous flowers, it is termed the receptacle. The re¬ 
ceptacle varies very much in form; it is flattened in the Cotton 
Thistle ( fig. 223), conical in the Chamomile ( fig. 201), concave and 
fleshy in the Dorstenia (fig. 204), pear-shaped and hollowed out in 
the Fig ( tig. 203). It may assume a variety of other intermediate 
forms. 

It should be observed that the term receptacle in sometimes 
applied to the extremity of the peduncle or pedicel upon which the 
parts of the flower are placed. This is, however, preferably called 
the thalamus. 


Fio. 206. 


Fro. 207. 



fit 7 . 20G. Peduncle ot the Lime-tree (Ttlia enropcea) ftttached to the btaet, b. 
Ftp. 207. Branch of Woody Nightshade ( Solatium JJulcama/u ), with 
fvtm-ftxillary peduncle, and auriculate leaf. 


When plants which have no aerial stem bear flowers, the 
peduncle necessarily arises at the level of, or under, the ground, in 
which case it is called a scape or radical peduncle, (fig. 200), as in 
the Spring Snowflake, Tplip, Hyacinth, Primrose, and Cowslip. 
The scape may bear either one flower as in the Tulip, or several 
flowers as in the Hyacinth. 

Forms of Peduncle.—In form the peduncle is generally more 
or less cylindrical, but besides the departure from this ordinary 
appearance exhibited by the receptacle just described, and its 
modifications, it frequently assumes other shapes. It may become 
moro or less oompressed, or grooved in various ways, or excessively 
enlarged_ during the ripening of the fruit, as in the Cashew-nut; 
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or it may assume a spiral character, as in Yallixnerin {fig. 205) 
other modifications also may occur. 

Sometimes the peduncle, or several peduncles united, may 
assume an irregular llattened appearance, somewhat resembling the 
fasciated branch already described, and may bear numerous flowers 
in a sort of crest, as in the Cockscomb, and in the Cauliflower, where 
the united fleshy branches of the peduncle form a rounded mass 
bearing on its upper part abortive flowers. 

Insertion. -In speaking of the branches of a stem, wo found 
that in some cases, instead of arising in the axils of leaves, they 
become extra-axillary in consequence of adhesions of various kinds 
taking place between them and the stem and other parts. In like 
manner the peduncle may become extra-axillary by contracting 
adhesions. In the Lime-tree (fig. 200) the pedunole adheres to the 
midrib of the bract, b, for some distance, and then becomes free; 
while in many Solanaceie , as in the Woody Nightshade (fig. 207), 
the peduncle becomes extra-axillary by forming adhesions to the 
stem or branch in various ways. 

We may now proceed to describe the chief forms of inflores¬ 
cence belonging to the three kinds already mentioned. 


Indefinite or liacemose Inflorescence. 

This form has been named botryose by Eichler, a term 
which, however, does not seem preferable to the older name 
racemose. As we have said, in this variety of floral arrangement 
the main axis is never terminated by a flower, but continues for a 
considerable time to give off flowers just behind its apex. In most 
cases the axis is elongated to a greater or less degree, and, as from 
the mode of development the oldest flowers arc farthest from its 
apex, their order of expansion is aempetal or ascending. In 
other cases the axis becomes conical, flattened, or even concave 
at its summit. The growing apex is then at the summit of the 
cone or lies in the centre of the flattened portion. The youngest 
flowers consequently appear in that position and the oldest ones 
aje at its peripherf. The older of expansion is in these eases 
said to be centripetal. 

A number of flower| being thus developed upon an elongated, 
shortened, or dilated peduncle, several varieties of this kind of 
inflorescence exist, depending upon the extent to which the floral 
axis branches, the comparative lengths of the flower-stalks, or 
their complete suppression, and other subordinate circumstances. 
The chief forms may be described under three heads; first, those 



108 


MANUAL OF BOTANY 


which have an elongated primary axis ; second, those in which 
the primary axis is shortened ; third, those in which it becomes, 
dilated and fleshy. The first two may he further subdivided into 
simple and compound types, the former including those in which 
the main axis produces flowers only, the latter those in which it 
develops secondary peduncles on which several flowers arise. 


A. Forms possessing an Elongated Primary Axis. 


Fw. 208. 


1. SIMPLE FORMS. 

The simple forms of this class include the Raceme and the 
Spike, with their varieties. 

a. The liaeeme.— This is the simplest inflorescence of the 
indefinite type, and from it the name racemose is derived. The 
elongated peduncle bears a number of flowers in acropetal suc¬ 
cession, each being furnished with 
a pedicel. When fully formed the 
pedicels are nearly of equal length. 
Examples of it occur in the Currant, 
Mignonette, Hyacinth, Laburnum. 
Barberry, Fumitory, &c. Such a 
form is seen in fig. 208, the raceme 
of a species of Prtinns. It will be 
noticed that the flowers at the lower 
part of the peduncle are fully ex¬ 
panded, while those at the apex are 
still in thp condition of buds. The 
acropetal order of expansion is there¬ 
fore easily observable. 

b. The Corymb. —This is a variety 
of the raceme, in which the pedicels, 
instead of being of nearly equal 
length on the peduncle, are of differ¬ 
ent lengths (fig. 209), those (a", a") 
at the base of the primary axis «' 
* being longer than those towards aijd 
at the apex, so that the whole form a 
Examples may be seen in some species 
of Primus (fig. 209). It frequently happens that after flowering 
the primary axis elongates, and the corymb becomes a raceme; 
this may be seen in many Cruciferous plants, such as the Wall¬ 
flower or Stock. 

c. The Anthela. — In several species of Juncus and Lunula 



Fig. 208. Raceme of a species 
of Cherry (Print us Pad us). 


level, or nearly level, top. 
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the pedicels of the lower flowers are so long that they are elevated 
above the upper ones. The form of the inflorescence so becomes 
concave on the upper surface. This variety is known as the 
anthela. 

d. The Spike— This differs from the raceme only in the 
flowers being sessile on the main peduncle ; or if there arc any 
pedicels, they are so short as to be indistinguishable without re¬ 
moving the flowers from the axis. Examples of it may be seen 
in the Rib-grass (fig. 211) or the Vervain (fig. 212). 

There arc four kinds of indefinite inflorescence which are 

Fig. 201). Fig. 210. 



Fin. 209. Simple corymb of a bpeoivb ot /'runns (Ceratus). a. Primary 
axis, bearing bract*, 6,6, fiom the axis of which pedicels, a", a", arise. 
/'///. 21U. Compound or branching corymb of the Wild Service tree 
(Pyrus tornuualiit). a’. Primary axis, a", a". Secondary axes. 

Tertiary axes. b y b, b. Bracts. 


modifications of the spike. These are the Amentum or Catkin. 
the Spadix , the Locuuta or Spikelet, and tho Strobile. 

. e. The Amenflim or Catkin.— This is a kind of spike which 
usually hearsdponosporangiate flowers—that is, only staminato 
(fig. 214), or only pistiRite (fig. 215) ones. Tho axis or raehis is 
usually of a very weak character, so that the catkin is pendulous. 
The flowers of an amentum are also usually separated from one 
another by scaly bracts. The staminate catkins commonly fall 
off in one piece, soon after the process of flowering. The bracts 
have in some cases one flower and in others several in their 



no 


MANUAL OF BOTANY 


axils. All plantb with this kind of inflorescence are called 
amentaceous i r amentiferous. Our trees afford numerous ex-« 
nmples, as the Oak, Willow, Birch, and Poplar. 

f. The Spadix is a spike with a succulent axis in which the 
individual flowers ha\ c no special bracts, but the whole inflores¬ 
cence is enclosed in that variety of bract which is called a spathe. 
This is well seen in the Cuckoo-pint (Jig. *200), where the spadix 

Fw. 211. Fio. 212. Fui. 213. 


Fip. 211. Spike ol a species of Eib-gra^s ( Plautago). - Fig. 212. Spike of 

Vervain ( Verbena ).- Fig. 213. inflorescence of Wheat (Tntteum 

culgare\ consisting of lnnneroub sessile spikelets arranged on an elongated 
peduncle (mc/i/n). 


included in the spathe boars staminate and pistillate flowers, the 
latter being nearest its base. The tenp spadix is also usually 
applied to a succulent spike, whether enveloped in a spathe or 
not, as in the Sweet Flag (Acorus Calamus). 

g. The Locusta or Sprikelet .—This name is given to the 
ultimate branches of the inflorescence of Grasses (fig. 202) and 
Sedges. In the Grasses it is a spike with a few flowers, and 
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these destitute of a true calyx and corolla, their place being 
,occupied by palece or pales (pig. 202, px, pi), and the whole 
inflorescence surrounded at the base by one or two empty bracts 


Piu. 214. 




Fig. 214. Stammate amentum or catkin of a species of 

Willow (Halil). - Fig. 215. Pistillate or curpellary 

amentum of a species ol Willow, with bracts between 
the flowers. 


(y lumen), gl, gl. These spikelets may be either sessile on the 
elongated peduncle or rachis, as in the Wheat (pig. 213), or they 
may be placed on a more or 
less branched axis, as in the Fio. 216. 

Oat (Jig. 220). 

h. The Strobile .—This is 
a kind of spike formed of per¬ 
sistent membranous bracts or 
scales, each of which bears at 
its base a pistillate flower. It 
is seen in the Hop (Jig. 216). 

2. COMPOUND FORMS. 

Fig. Z1G. Strobile of tbe Hop 

The compound.forms of . ^ 

thfc racemose type of inflor¬ 
escence include all the modifications of those already described 
in which the main peduncle bears secondary pedunclos instead of 
single flowers in the axils of the bracts. The following are the 
chief varieties. 

i. The Tanirle .—This is a compound raceme, or one in which 
tbe .secondary peduncles hear racemes (Jig. 217). The secondary 
axes may themselves branch in the same way as the primary 
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one and form tertiary axes, &e., the ultimate subdivisions of 
which bear the dowers. For an example we may take the Yucca, 
glorkmt. 

Sometimes the ultimate racemes are represented by spikelets, 
as in the Oat (jig. 220). 

k. The Compound Corymb. -This may be seen in some 
species of Cyrus (Jiy. 210). It is sometimes called a paniclcd 
corymb. It differs from the panicle as the corymb differs from 
the raceme. 

l. The Compound Spike. - An instance of this is seen in the 
Wheat and certain other grasses. 



! id . 217. Fiimi'Ic*. 


in. The Compound Spadix .—This form is seldom met with, 
as the spadix does not often branch. Instances may be seen in 
the Balms (Jiy. 218). 

B. Forms possessing a Shortened Primary Axis. 

Of these we distinguish* the simple 'and the compound 
Umbel. 

n. The Umbel .—When the primary axis is shortened, and 
gives off from its apex a number of secondary axes or pedicels of 
nearly equal length, each bearing a flower, an umbel is formed, 
as in the Onion and Cowslip (Jig. 222). When the secondary 
axes themselves divide, and form tertiary axes, which are also 
arranged in an umbellate manner, a compound umbel is pro- 
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duced. This is seen in the Carrot (Jit/. 195), the Fennel (fig. 
221), and other allied plants, which are hence called umbelli. 
Jrroi/8, and give the name to the Natural Order Umbellifenr. 
In the compound umbel (fig. 221), the primary umbeler is called 
the general umbel, and the other umbels, b, b, b, formed by the 
division of this, partial umbels or umbellules. When the base 
of the general umbel is surrounded by a whorl of bracts (fig. 


Fra. 218. 


Fra. 219. 


Fxo. 220. 



Fig. 218. Branched spadix of a Palm (Chamtvropu'U enveloped in a apathe. 

Fig. 21fl. Inflorescence of Wheat (Triticum vulgare) % consisting of uume 

rous seBsile spikelets arranged on an elongated peduncle ( rachis ).- 

Fig. 220. Branched or panieled arrangement of the spikelets of the Oat 
(Arena satim). 

• ‘ • 

195*, a), they constitute a general involucre: and if other bracts, 
b, b, are arranged in a similar manner around the partial umbels, 
each of these whorls of tracts forms an involUcel or partial 
involucre. These varieties of arrangement have alroady been 
alluded to when speaking of bracts. 

When an umbel springs laterally from a stem in such a way 
that there is no primary peduncle at all, it is sometimes 


vox,, i. 


i 



Fig. 221. Compound nml>cl of Fennel. 
a. General umbel. 6, 6, b. Partial umbels 

or nmbellulee.- Fig. 222. Simple umbel 

of n species of Allium. 


C. Forma with a Dilated Flealnj Aria. 

These can be seen to bo constructed in the same way as the 
raceme. I n the latter the main axis is a very much elongated 
j 0[n 223 cone, and each flower or 

f branch is subtended by its 

forms of the flattened type 

the more complicated ones 

still further dilatation of 
the basal region, becomes 
converted into a flattened 

Fig. 223. Oapltulam of Scabious <.ScaWo«a). gether at the base of the 
The outermost florets may be observed , . - 

to be more expanded than the inner. receptacle and form an 



MORPHOLOGY OF REPRODUCTIVE ORGANS 115 


involucre. In many cases, however, they are suppressed en¬ 
tirely. Of this form of inflorescence we have three varieties, the 
capita him, the ccenantliium, and the liypanlhodium. 

o. The Oapituhnn , A-nthodium, or Head. —This inflores¬ 
cence is usually formed by a number of sessile flowers or 
florets crowded together on a receptacle, and the whole sur¬ 
rounded by an involucre {fig. 228); but in some cases the 
florets are few in number, while from other eapitula the 
involucra are absent. The receptacle, as we have seen, may be 
either flattened, as in the Cotton Thistle {fig. 224); or slightly 
concave, or slightly convex as in the Dandelion; or conical, as 
in the Chamomile. 

Fio. 224. 



f'iy. 22*1 Capit.ulum of Cotton Thistle (Onoporduni Amnthiutn). 

The capitulum is the universal form of inflorescence in 
plants of the Natural Orders Compositce and Dipsaceee ; it also 
occurs occasionally in some others. 

p. The Ccenantliium. —When, as in Dorstenia {fig. 226), 
tlje receptacle is nSarly flat, but its margins are slightly curved 
upwards' and the flowers very minute and embedded in it, we 
have a form which has been termed a ccenantliium. 

q. The Hypanthoaium. —This form is shown in the Fig 
(fig. 225). The receptacle, which is conical in the oapitulum, and 
is slightly concave, with tumed-up rim, in the ecenanthium, in 
the hypanthodium becomes a hollow cup, almost or completely 
closed at the apex and having the flowers arranged all over the 

x 2 
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inside surface. The involucre, which is so prominent a feature 
of the eapitulum, is absent from the hypanthodium. 

Many of these types are found to merge into each other, and 
the identification of some forms becomes difficult. The only 
difference between the spike and the raceme being one of 
length of pedicel, and this being a very variable part, it is 
ev ident that the line, of classification becomes somewhat arbi¬ 
trary. The inflorescence may change its character as it grows 
older, as has already been pointed out in the case of the corymb. 
Difficulties of identification also sometimes arise in consequence 
of the modification and suppression of bracts, and various distor¬ 
tions that may occur during growth. 

Fig. 225. 


Fig. 225, Hypauthodium of the Fig 
(Ficus Carica), showing pear- 
shaped fleshy receptacle bearing 

flowers on its inner surface.- 

Fig. 22G. Oceimnthinni of r Rpedes 
of Dorsteina. 


Definite or ('yniose Infiorencencc. 

In all kinds of definite inflorescence the primary axis, as we 
have seen, is arrested in its growth at an early age by the 
development of a terminal flower-bud. If the axis bears no 
other flower, this is called a solitary terminal flower, and is 
the simplest form of this variety of inflorescence. Examples of 
it may be seen in the Stemless Gentian (Jig. 228), and in the 
Wood Anemone. When other flowers are produced on such an 
axis, they must necessarily arise from axillary flower-buds 
placed below the terminal one; these form secondary 
axes ( fig. 227, a'), each of which in like manner is ter¬ 
minated by a flower-bud, /''; if further axes, a"', are developed 



Fig. 226. 
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from the secondary ones, these also must he axillary, and 
,,eiifl in a similar manner in flowers, these axes may 

also form other axes of a like character, and so on. Hence 
this mode of inflorescence is definite, determinate, or terminal, 
in contradistinction to the former or indefinite mode of 
inflorescence already described, where the primary axis con¬ 


tinues to grow in length, and 
never ends in a flower. 
Definite inflorescences are 
most common and regular 
in plants with opposite or 
whorled leaves, but they also 
occur in those which have 
alternate leaves, as may 
be seen in the species of 
Mann nculus (fig. 227). In 
definite inflorescences the 
flower-buds necessarily fol¬ 
low a different order of 
expansion from those of 
indefinite inflorescences. In 
them the terminal flower is 
the oldest and consequently 
the first developed (fig. 227, 
f), and other flower-buds 
are produced in succession, 
either from the apex towards 
the base of the plant, if the 
axis is elongated,; or 
from the centre towards the 
circumference, if it is short¬ 
ened or dilated. The upper¬ 
most flower-bud of the elon¬ 
gated primary axis (fig. 227, 
/'), and the central one of the 


Fin. 227. 



vhj, 227. A plant of Kanunculu» bulbosus. 
it 1 , a'. Primary axis terminated by a fully 
expanded flower, /'. Secondary axis, 
which Is also terminated by a flower,/'', 
not so fully developed a »f. a 1 ". Tertiary 
axis, terminated by a flower-bud, /"', 
which is less developed than / and/". 


shortened or dilated axis, open first; #nd the expansion of the 
other flower-buds proceeds in succession downwards, or towards 
the circumference, according to the character of the primary 
axis. Such an order of expansion is called centrif ugal. Hence, 
while the indefinite kinds of inflorescences are characterised by 
an aeropetal or centripetal order of expansion, those of definite 
inflorescences are centrifugal. The name cyme is given to 
many-flowered inflorescences of this type. 
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A. Forms of Cymose Inflorescence with no Pseud-axis. 

a. The Solitary Terminal or Axillary Flower. —The simplest' 
kind of inflorescence of the cymose type is that presented by 
such plants as the Pimpernel (fly. 191), in which solitary flowers, 
6 , 6, are developed in the axis of what are commonly regarded 
as the ordinary foliage leaves of the plant, a, a. The primary 
axis of the plant bears thus several secondary axes, each ending 
in a flower, which is therefore axillary when considered in 
relation to tho primary axis, but terminal as regards the 
secondary one. The main axis itself terminates in a flower 
in the cases of the Gentian {fig. 228) and the Anemone 
already alluded to. When such flowers are arranged in whorls 
round the stem, as in Hippuris, each flower being in the axil of 
a leafy bract, they are said to be whorled (fly. 229). 

Fio. 229. 


fig, 228. Solitary terminal flower of OFn/iann 

acaulis. - Fig. 220. Whorled leafy bracts 

and solitary axillary flowers of Mare’s Tail 
(Hippuris vulyans). 

b. The Dichasiiun. —In this variety the main peduncle is 
terminated by a flower, and some little distance behind the apex 
two opposite bracts occur, from the axil of each of which 
another peduncle arises, terminated in like manner by a flower. 
Each secondary peduncle in like manner gives rise to two more 
flowers. This order of development may be continued for some 
time, an inflorescence of considerable size resulting, as in 
Erythrcea Centaurium (fly. 281). Very frequently the axes of 
high order give rise to only one flower instead of two, the other 
with its bract not being developed. The dichasium, from the 
regularity of its forking, is sometimes called a false dichotomy. 
It can be distinguished from a true dichotomy by the presence 
of a flower in the angle of the fork. 
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A diagram of the dichasinm is given in figure 234 a. 
c. The Polyc had am .—This differs from the dichasium only 
in having more than two secondary axes springing from each 
peduncle below its terminal flower. Frequently the primary 
terminal flower is suppressed, so that the secondary axes 
appear to originate at the apex of the main peduncle without 
reference to a flower. The true nature of the inflorescence can, 

Fig. 230. Fig. 281. 



if/. SHU. Dicliasial cyme or dichabiuw of n species of Ceratttum. a. Primary 
axis terminated by a flower, a", a". Secondary axes, two in number, aris¬ 
ing from the axils of opposite bracts, b, b , and terminated also by flowers. 

a Tertiary axes, four in numlier, arising from bracts, 
and bearing other bracts, b , from which the quaternary axes, eight in 
number, arise, a'"\ aa"". The flowers are more developed on the 
primary axis titan on the other axes; thus the one terminating that axis 
is in the state of fruit: the flowers of the axes of a" and a" 1 are also in 
fruit, but less developed than that of a\ while in the axes a"" the flowers 
only are expanded.-- Fig. 281. Dichasial cyme or dichasium of the Cen¬ 
taury (Erythrwa Centaurium ). a", a"". Floral axes, ff"\ 

f"". Flowers terminating those axes respectively. The flowers will be 
observed to be most developed in proportion to their age ; thus/' is in the 
state of fruit; expanded ; f*" t and the others still in bud. 


however, be seen from the fact that the order of expansion 
of the flowers ia centrifugal. Examples can be seen in the 
Laurustinus (fit/. 282), and others. 

A good deal of complication often arises from suppression of 
the bracts, or from distortion due to condensation of the inter- 
nodes or to irregularities in growth. An example of this kind 
may be found in the inflorescence of the Sweet William, a 
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member of the Caryophyllacete. This has been called a fascicle. 
In it the successive axes are developed so as to bearitheir flowers' 
at the same level, forming a flat-topped cyme, which super¬ 
ficially resembles a corymb. 

Fig. 232. 



Fig. 232. Polychastal cyme of Lnurustiuu8 ( Viburnum Tinut). 


d. The Cymose Umbel .—This differs from the polychasium 


in having the main axis as long 


Fio. 233. 



Fig. S33. Diagram of Vertieillastcr, 
a, <i\ n\ a', sncceadve axes, each 
terminated by a dower. The 
dotted lines indicate the jxieltions 
oi the suppressed branch of each 
axis. 0 


;, or longer than, the secondary 
ones, a number of which arise 
some little distance below its 
apex. The secondary axes do 
not give rise to tertiary ones, 
so that the form of the true 
or racemose umbel is simu¬ 
lated. The order of expan¬ 
sion of the flowers reveals its 
true nature. Examples are 
seen in the Pelargoniums. 

e. The Vcrticillaster .— 
This is a very much con¬ 
densed eyine, the flowers of 
which have very short pedi¬ 


cels, and therefore appear 
almost sessile. The first axis givys rise to two branches, 
but the latter and their succeeding branches generally bear only 
one each (fig. 238). The whole verticillaster appears much like 
a cluster of sessile flowers. Instances of it are afforded by most 
plants of the natural orderLabiatir, which bear two such cymes 
in the axils of opposite leaves, so that the fiowerB appear to 
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surround the stem. A pair of such axillary cymes is sometimes 
^called a glomerule (Jig. 190). 


B. Forms of Cymose Inflorescence with a Pseud-axis. 

These can be understood by a comparison of them with the 
dichasium (fig. 234). Instead of the main peduncle bearing two 
bracts each with a secondary axis in its axil, only one is produced, 
the other being suppressed; this secondary axis behaves like the 
primary one, bearing only one tertiary axis. This mode of 
development may be continued for some time, and thus, by the 
coalescence of the parts of the successive branches below the 


Fio. 234. 



ditiou of C lifter growth j, ag straightened the «j inpodium. 

bract which each Bears, a central axis* or rather pseud-axis, is 
produced, which is at first zigzag or curved in shape, but which 
frequently becomes straightened during subsequent growth. 
This kind of inflorescence is called a s ympodial cyme. 

The bracts of the suppressed axes are generally not developed, 
but can occasionally be found. In any case the true nature of 
the inflorescence may be ascertained by noticing the relation of 
the bracts to the flowers. In the raceme this relationship is 
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unmistakable ; in the sympodial cyme a bract appears opposite 
to the flower upon the axis; this showing that the dower is* 
really terminal, and the portion of the axis between it and the 
bract is a part of a sympodium (fig. 285). 

When development is normal each dower is subtended 
by a bract; that is, it arises in the axil of the latter. 

We can distinguish two forms of the sympodial cyme, 
f. The Helicoid Cyme .—This form is produced when the 
suppression of the successive axes takes place on the same side, 
causing the sympodium to be curled up in the manner of a helix 


Flo. 235. Fiu. 236. 



Ftg. 2tf6. Instances of helicoid cymes (after Gray). The successive axes, «, 
a\ « J , Ac., are each terminated by a flower, and each arises on the ante¬ 
cedent axis in the axil of a bract. In the figure on the right, both bract 
and secondary axis are suppressed continuously ou the right-hand side. 

In the figure on the left, both bracts are represented, and the axis which is 

suppressed is indicated by a dotted line.- Fig. 236. Helicoid cyme of 

tin? Porget-me-not ( Mposotis pa lustra). 

(fig. 284, B). The successive axes may be developed in a plane 
at right angles to that of. the main peduncle’ < and its first branch, 
or in one which is parallel to it. Eichler distinguishes the latter 
under the name of the drepanium. 

Examples of the helicoid cyme may be found in many 
Boraginacete, as the Forget-me-not (fig. 236) and the Comfrey 
(Jig. 237). 

g. The Scorpioid Cyme .—In this form, instead of the 
branches being suppressed uniformly upon the same side of the 
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dichasium, the suppression takes place on the two sides alter* 
^lately (fig. ‘284, C, D). Subsequent growth generally causes the 
sympodiuni, which is at first zigzag in form, to become straight. 
The parts of each axis above the insertion of the branch remain 
weak and are displaced laterally, causing the inflorescence to 
simulate the raceme, from which,however,it can be distinguished 
by the position of the bracts, as already described. 

As in the last case, the branches may arise in the plane of the 
original dichasium, or in one at right angles to it. Eichler dis¬ 
tinguishes the former under the name of the rhipidium (fin. 288). 

The seorpioid cyme may simulate the corymb, as in the 
figure last referred to, where the lengths of the successive axes 
are such as to bring the flowers to the same height. It can be 


Fig. 237. 



Pig. 287. Helicoid oyrne of Comfrey (Ssmphgtum ojldnale). 


distinguished from the true corymb by the position of the bracts, 
and by the originally zigzag shape of the Bympodiutn. Some¬ 
times the bractB arc not developed, when it becomes very difficult 
to determine the true composition of thjp inflorescence. 

Tnstances of the seorpioid cyme are found in the Sundew 
(Vroncra), the Rook-rose (Helianthemum), &c. 


Mixed Inflorescences. 

This kind of inflorescence is by no means uncommon. The 
term is applied to such collections of flowers as show a con- 
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junction of both the types already discussed. Various degrees 
of complexity can bo found, of which the simplest occur when 
the general inflorescence develops in one way and the partial 
or individual inflorescences in the other. In some plants of 
the natural order Composite (fig. 239), the terminal capitulum 
is the first to expand, and the capitula, as a whole, are therefore 
developed in a centrifugal manner; while the individual capitula, 
as we have seen, open their florets from the circumference to the 
centre, or centripetally; hence, here the general inflorescence 


Fio. 238. 


Fio. 239. 


Fio. 240. 



Fio- 238. Diagram of the Ulifpiitinm. The successive axes are marked a, a\ 
a",&o. The basal portions of each being thicker than the rest, a sym¬ 
posium of zigzag form results, as seen in the centre: of the figure. The 
order of expansion is seen in the lower figure as viewed from above.— - 
Fig. 239. Mixed inflorescence of a species of Senedu. — Fig. 210. Figure 
of tbereversed raceme (after Gray). 


is definite, and each partial inflorescenc% indefinite. In the 
Labiatie we have the contrary arrangement, for the individual 
verticillasters open their flowers centrifugally (fig. 233), but the 
general inflorescence is centripetal. 

The following forms also illustrate mixed inflorescence, 
a. The (Reversed Raceme. —This, though of the cymose type, 
is arranged somewhat like the true raceme, inasmuch as the 
main axis is stronger than its branches, but those are developed 
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basipetally upon it (Jit/. 240). Tho oldest flower terminates the 
*nain peduncle, two younger ones arise from the axils of the 
uppermost bracts, two still younger ones form those of the 
next pair, and so on for a variable distance down the axis. 

The ultimate cymes of a polychasmm often assume this form 
( ft,/. 282). 

Fig, 241. Flo. 242. 



Fig. 241. Mixed panicle of tlie Privet (Ligmirum vulgar?), a'. Primary 
axis. a'\ a". Secondary axe9. a'", a" 1 . Tertiary axes, c t e. The central 
flowers of the respective clusters, which are seen to he in a more expanded 

state than those surrounding or below them.- Fig. 2 42. Thyrsus of 

Vine. 


b. The Mired Fanirle .—This is a compound inflorescence in 
which the main axis is racemose and the secondary ones are 
irregular. A great many cases occur tn which a repeatedly 
branching inflorescence of the panicle type changes its mode of 
forming branches in its iatter ramifications. In the panicle 
of the Privet ( fig. 241) we have the two methods illustrated. 
Tho main axis is racemose in its general arrangement, but it 
bears a terminal flower; the secondary and later axes are re¬ 
versed racemes. 

c. The Thyrsus .—This is somewhat more regular than the 
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mixed panicle, which it resembles in having the main axis 
racemose. The secondary and later ones are c.ymosc, and tho 
successive branches are so disposed that the cluster is narrower 
at the apex and base than it is in the centre, having thus almost 
'the shape of a double cone. Examples are seen in the inflo¬ 
rescence of the Lilac and the Horse-chestnut. An almost com¬ 
pound thyrsus is seen in the Vine {fig. 242). 

Light is often thrown upon the construction of the forms of the 
inflorescepce by the study of the phyllotaxis of the plant. The 
raeemose types are found associated with both verticillate and 
alternate leaves, but the generally marked acropetal development 
makes their interpretation easy. More difficulty is found in analys¬ 
ing some of the cymose forms. The dichasium most frequently 
occurs together with verticillate, and particularly with opposite 
decussate leaves. A polychasium may result from the suppression 
of alternate internodes, the result being that, instead of two, four 
axes-of the dichasium arise together, the two younger being at right 
angles to the two older. In the Elder ( Sambucus ) there are 
apparently five such axes, springing from the same point, thus 
simulating an umbel. The five axes consist of the primary one and 
two successive pairs, which are severally somewhat distorted in 
growth; each axis bears several subordinate ones, which may be 
similarly arranged, and each ultimately bears Beveral flowers. 

In some helicoid cymes, the flowers, which are seated on the 
convex side of the curved sympodium, arise in two ranks indead of 
one. This has been explained as a unilateral raceme, but there 
appears’ to be little doubt that its true nature is cymose. The 
appearance of two ranks of flowers is explained by Eichler on the 
ground of antidromy. The phyllotaxis in such cases is spiral, and 
the genetic spiral, instead of passing regularly from right to left 
round the axis, becomes reversed in the successive parts of the 
sympodium, travelling in the first from right to left, in the second 
from left to right, and then again reversing its direction. Examples 
are seen in many of the Boraginacea. 

It is held by some botanists that in a few of the plants of the 
last-named Natural Order, where the inflorescence is apparently a 
helicoid cyme or a unilateral raceme, the brabching of the successive 
axes is not lateral but dichotomous, the growing point of each axis 
after the first dividing into two equal parts; one of the resulting 
branches speedily terminates in a flower, while the other again 
dichotomises. 

3. THE FLOWER. 

The term flower may be applied to any shoot which is spe¬ 
cially modified in connection with spore-production. The term 



MORIJpOLOfiY OP REPROT)UOTTVE ORGANS 127 


is usually, but erroneously, restricted to the Phanerogams, 
in which this modification results in a structure generally of 
peculiar form and often of great beauty and fragrance. Flowers, 
however, of a lower type of complexity than these can be 
recognised in the Plerido-phyta. The common Horsetail 
{Equine-hull) has its sporangia arranged upon a number of pel¬ 
tate sporophylls which are aggregated in the form of a cone at 
the apex of certain shoots {fig. 248). These constitute a flower 
which resembles tho cones or flowers often found in the group 
of Phanerogams known as Gymnospcrnas (fig. 24^. Similar 
arrangements are found among the Lijeopodintr , or Club-mosses. 
In the so-called flowering plants the flowers are the ultimate 
branches or shoots of the inflor- p !r . 243 
esccnce. They consist usually 
of an axis bearing leaves, of 


which some are sporophylls and 
bear the sporangia, others are 
perianth leaves and have only 
a function subordinate to the 
former. The apex of the axis 
itself sometimes constitutes the 
flower,.as in the Yew-tree, where 
particular branches bear at their 
apex a terminal megasporangium 
or ovule, which is not protected 
by any foliar structures. In a 
few cases some of the sporangia 
are borne by the axis, and others 
by the sporophylls, as in the 
Polygonaeeee, the Dock family. 
The axis here terminates in a 



F ». 244. 



FU 7 . 243. Cnne of 
Horsetail (Equite- 

tum). - Fig. 244. 

Cone of Hemlock 
Spruoe (Pinus 

canadensis). 


megasporangium much as in the Yew, but this is covered in by 
a foliar outgrowth called the ovary. Lower down on the axis 
are certain sporophylls, the stamens, which bear the micro¬ 
sporangia, while below these again are certain perianth leaves. 

The phyllotaxis flf the flower, like that of the vegetative shoot, 
may be either alternate or whorled. In the former case the 
leaves describe a spiral round the axis; in the latter they form 
generally four definite wlforls or series. Instances of the former 
may be seen in the flowers of Pirncs and other Conifers, and 


among the higher plants in the “Water-lily. 

Spiral phyllotaxis is most usual in the Gymnosperms, and 
whorled in the Angiosperms. 
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Jn one of the most highly organised of the flowers of the latter 
group we can recognise four whorls of leaves arranged upon an, 
axis or thalamus. Usually the thalamus is terminated by the 
ultimate whorl of leaves, but in some cases it grows out beyond 
it, and may then bear a number of ordinary foliage leaves. 
This* is, however, regarded as altogether abnormal, and only 
occurs in consequence of some disturbance of nutrition. The 
intemodes of the axis between the whorls of leaves are usually 
but little developed, so that the latter are very closely pressed 
together. 

The lower two whorls of leaves constitute the perianth, and 
do not bear sporangia. The other two are sporophylls, and bear 
microsporangia and megasporangia respectively. 

The most external of the perianth whorls is known as the 
calyx, and its leaves are called sepals. They are usually green 
and commonly sessile; they resemble foliage leaves in 
structure and sometimes in appearance ; they are protecthe in 
function. 

The second whorl is the corolla, and its leaves are petals. 
They are generally brightly coloured and delicate in texture. 
In many cases they are stalked, when the stalk is termed the 
claw, and the blade the Hath. 

In some flowers the calyx and corolla are very similar in 
appearance, being either green or sepalairl, or coloured or 
petaloid. In a few cases they stand so closely together that it 
is difficult to see that there are two whorls present. In such 
cases it is usual in describing the flower not to speak of calyx 
and corolla, but to make use of the term perianth without 
distinguishing its constituent whorls. 

The third whorl is made up of the first set of sporophylls, 
and bears the microsporangia. This whorl is generally called 
the andrcecium, and its separate parts are stamens. These 
leaves are much modified in form, consisting of an upper 
swollen portion, the anther, supported upon a somewhat slender 
stalk or filament. The anther is sometimes sessile, the filament 
not beiflg developed. Each anther usually contains either two 
or four pollen-sacs, or microsporangia, in which are developed 
the microspores or pollen-grains. 

The final whorl, which usually terminates the axis, is known 
as the pistil or gyncecium. The sporophylls of which it is 
composed are called carpels, and may be distinct from each other 
or united in various ways to form a solid body. The Butter¬ 
cup and the Poppy are instances of these cases respectively. 
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Each carpel, or the body formed by their union, consists of a 
Jiollow inferior part, the ovanj , and a terminal sticky portion, the 
stigma. The stigma is sometimes sessile on the ovary, but is 
generally separated from it by a slender stalk-like portion, the 
style. The megasporangia or ovules are developed in the ul¬ 
terior of the ovary, generally arising from a fleshy development 
of the edges of the carpel known as the placenta. Sometimes 
the placenta is borne upon the axis, and not upon the carpel. 

The true nature of the union of the carpels with each other 
will be discussed in a succeeding section. 

It is customary to regard the carpels as sporophylls, even in 
those cases in which the megasporangia really spring from the 
axis, which in these cases protrudes into the cavity of the ovary, 
as in the Bolygonacece, already mentioned. Other instances of 
this are found in the Primulacece, the Primrose family. 

Other structures are occasionally to be met with in certain 
flowers. In some of the genera of the Boraginacece and the 
Caryophyllacece a scale or liyule is found at the junction of the 
claw and the limb of the petals (Jigs. 008 and 327). In the 
Daffodil (Jig. 328) these scales or ligules are coherent together 
and form a tubular structure known as the corona. Many 
flowers, contain certain bodies which excrete a sugary liquid. 
These are called nectaries. They have no definite position like 
the parts already described, but may arise from the meta¬ 
morphosis of various structures. Certain foliaeeous scale-like 
bodies known as staminodes may bo found in some flowers. 
They may be of various shapes and sizes. These are always 
formed by the metamorphosis of a stamen. • 

Symmetry of the Flower. 

The term ‘ symmetry ’ has been variously understood by 
different botanists. It was formerly usual to describe a flower ' 
as symmetrical when all the whorls of its members have an 
equal number of parts, or when the parts of one whorl are a 
multiple of those ofsauother. Such a Jiowcr is preferably to 
be described as isomerous. In some species of Crausula 
(Jig. 245) we have a flower composed of five sepals, five petals, 
five stamens, and five cafpels; in Sedum (Jig. 246) we have 
five sepals, five petals, ten stamens in two whorls, and five 
carpels; in the Flax we have five sepals, five petals, five 
stamens, and five carpels, each of which is partially divided into 
two by a spurious dissepiment (Jig. 421); in Circcea (Jig. 247) 

VOL. i. k 
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we have two members in each whorl; in the line (fiy. ‘2R‘2) we 
have four or five sepals, four or five petals, eight or ten stamens, 
and a four- or fivc-lobed pistil; and in the Iris there are three 
members in each whorl. When the number of parts in each 


Fm. 215. Fin. 24fi. 



FltJ. 245. Flower ol (Vowi/il nih'in. r, c. Sepnls. ji, //. Pei'lie. r, r, e. 
Stamens, e, o. Pal'peK at the Imse of each ol ivUloh is seen a scale, n, a. 
Fig. 246. Flower of a .Wool. 


whorl is not the same, or when the parts of the largest whorl 
are not a multiple of those of the smallest, the flower is lietero- 
merous, as in Verbena, where the perianth has five parts in 
each whorl, and the sporophylls only four. 


Fig. 247. 


Fig. 248. 




Fig. 247. Diagram of tbetiouerof Ctmea. - Fig. 248. Diagram of the flower 

of tStaphyleil pimiata. 


In an isomerous -flower the number of parts is indicated by 
a Greek numeral prefixed to the termination -merous. AVhen 
there are two leaves in each whorl, as in Circien (fig. 247), the 
flower is dimerous, and the symmetry ip said to be binary or hoo- 
membered. This arrangement is indicated by the symbol y. When 
there are three parts in a whorl, as in the Lily, the flower is 
trimerous, and the symmetry is ternary, trigonal, or triangular ; it 
is indicated thus, When there are four parts in a whorl, as 
frequently in the Bue (fig. 282), the flower is tetramerous, and the 
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symmetry, which is marked y, is quaternary or tetragonal. When 
, there are five parts in a whorl, as in Crassiila rubens (Jig. 215), the 
flower is said to be pentamerous, and the symmetry, which is marked 
thus, y, quinary or jjentagonal. 

Of the above arrangements, the pentamerous is moat common 
among Dicotyledons, although the totramcrous is by no means rare ; 
whilo the trimerous is generally found in Monocotyledons. 


Although a symmetrical flower, as above described, neces¬ 
sarily implies that the parts of any whorl are equal to, or some 
multiple of those of ail the others, botanists have generally agreed 
to call a flower symmetrical when the three outer whorls corre¬ 
spond in such particulars, while the parts of the gyntceiuiu are 
unequal to them, as in Staphglca pinna ta (Jig. 284), where the 
three outer whorls are pentamerous, while the pistil is dimer¬ 
ous. The gynaoium, of all the organs of the flower, is that which 
least frequently corresponds in the number of its parts to the 
other whorls. 

By most botanists; however, a flower is said to be symmetri¬ 
cal when it can be divided by any vertical section into two 
precisely similar halves, the different halves produced by every 
such sertion being exactly alike. Such flowers as those of the 
Lily, or Vrassula (Jig. 245), arc instances of this symmetry. A 
flower which is symmetrical in this sense is also culled aclinu- 
morphic. Flowers which can be divided by only one such 
section into two similar halves are called ~ggomorphic. Such 
flowers are found in the Aconite, the l’ca, the Dead-nettle, &c. 
The line through which the section must pass to bring about the 
result is called the plane of symmetry ; it maybe antero-posterior, 
as in the flowers mentioned; or lateral, as in the Fumitory ; or 
oblique, as in some members of the. Solanaccce. When a 
division into two similar halves is not possible by a section in 
any plane, the flower is said to be asymmetrical. 

Various other terms are used in describing flowers, which 
will be host alluded to here. A flower is said to be complete 
wbijn the four whorls—calyx, corolla, anUroccium, and gynaicium 
— are present, as in the line (Jig. 282); when one or more of 
the whorls is absent, the tjpvver is incomplete (Jigs. 255 and 256). 
When the parts of each whorl are uniform in size and shape, aB 
in the Rue, the flower is regular ; under other circumstances it 
is irregular , as in the Pea (Jig. 303). 

In a normal arrangement of the purts of the flower, the suc¬ 
cessive whorls alternate with eaoh other, as shown in fig. 247 ; 

k 8 
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the sepals are here alternate with the petals, the petals with 
the stamens, and the stamens with the carpels. 

We have seen that, when the leaves of the vegetative branch 
arc arranged in whorls, these whorls are developed in acropetal 
succession, and the leaves of any whorl arise in such a position 
as to stand over the intervals between the leaves of the whorl 
below it. As the (lower is to be regarded as a modified branch 
with verticillate phyllotaxis, its parts should be arranged upon 
the same plan as those of the vegetative brunches. The whorls 
being four, we can devise what may be called a typical (lower, 
based upon this resemblance. Such a (lower, therefore, should 
possess a calyx, corolla, andnecium, and gymecium, each of 
which should be so arranged that its parts form but a single 
whorl; the different whorls should consist of an equal number 
of members ; the parts of successive whorls should alternate 
with one another; and the members of each should be uniform 
in size and shape, and distinct from each other and from the 
neighbouring whorls. This normal or typical (lower is, however, 
liable to various alterations, arising from several disturbing 
causes, which modify and disguise one or more of its typical 
characters. Some of these causes have been already alluded to 
in the description of the different organs of the (lower, but it 
will be necessary for us to investigate them more fully here, and 
classify them for systematic study. 

The more important deviations of the Bower from the typical 
character may be arranged under the following heads 

1. Irregularity of form in the members of one or more of the 
whorls. 

2. Multiplication of parts. 

o. Suppression or abortion of a whorl or part of a whorl. 

4. Displacement, or interference with the regular alternation 
of the whorls. 

5. Coalescence of the parts or members of a whorl with one 
another. 

6. Coalescence of the members of one whorl with those of 

another. *' 

7. Substitution of spiral for whorled phyllotaxis. 

8. Metamorphosis of parts of the flower. 

1. Irregularity of Form .—This is most commonly seen in 
the perianth whorls. A sepal or a petal may develop a spur or 
prolongation downwards from its base, as in the Larkspur or the 
Indian Cress (fig. 295). If only one such structure is formed 
the flower becomes zygomorphic. A great variety of form of 
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both calyx and corolla is caused by unequal development of this 
• kind, and it will be convenient to reserve a detailed examination 
of the most frequently occurring cases till we discuss these whorls 
in detail. Irregularity of this kind is also fairly common in the 
whorls of the sporophylls. 

2. Addition or Mult i/dirat inn of l‘arfx .—This may be con¬ 
sidered under two heads. 1st. The addition of one or more 
entire whorls in one or more, of the floral cycles. 2nd. An in¬ 
crease in the number of parts of one or move whorls. The 
former is commonly called augmentation ; the latter, ehorisis, 
deduplication, or nnlining. 

a. Augmentation.—The increase in the number of whorls 
may occur in one or more of the floral cycles. The Bar¬ 
berry (fig. 249) has two whorls of sepals, two of petals, and two 
of stamens; in this flower, therefore, we have an addition of one 


Fig. 249. 


Fio. 250. 


Fio. 251. 



Fly. 249. Diagram nl the flower nf the Barberrv (lin'beru). - Fig. 2 60. 

Diagram of the flower of the Poppy (Papuro ). - Fig. 251. Diagram of 

the flower of Buckthorn (Hhanums cntharticm ». 


whorl of members to each of the three external floral cycles. 
In the Poppy, we have a number of additional whorls of stamens 
I Jiff. 250). 

The increase in the number of the whorls is most common 
among the stamens. Very frequently there is one extra whorl 
intercalated here, sq that the stamens are twice as numerous as 
til* sepals or petals. So constant is this occurrence in Mono¬ 
cotyledons that many botanists regard two whorls of stamens 
as a normal feature of that group. Such flowers arc said to be 
diplostemouous, in contradistinction from those with one whorl, 
which are called isostemonoun. 

The new whorl generally falls into symmetrical position with 
the others, being alternate with the outer stamens on the one 
side and the carpels on the other. Sometimes, as in Qeraniacew 
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this alternation is not observed, and of the two whorls of sta¬ 
mens the outer is opposite to the petals. This condition is, 
known as obdiplostemony. In such a flower the departure from 
typical symmetry, due to multiplication, is complicated by a 
further one of displacement. 

A curious arrangement of augmented stamens is found in 
the flowers of some Bosaccce. There are in two species of 
Cratcegus ten stamens arranged in a single whorl; they are 
not exactly opposite the sepals and petals, as they should be, on 
the hypothesis of the addition of a whorl of five to the andree- 
cium, but stand in pairs opposite to the sepals. In Nuttallia a 
third whorl of five is added, which are opposite to the petals. In 
other species, additional whorls of five each are present, making 
as many as fifty stamens in some flowers. 

b. Chorisis or Deduplication. —This iB generally looked upon 
by botanists as another means of multiplication of the parts of 
a flower. It consists in the division or splitting of a member 
in the course of its development, so that two or more members 
are produced in the place of one. Chorisis differs from augmen¬ 
tation in the fact that it not only increases the number of 
parts, but also interferes with their regular alternation; for 
augmentation does not necessarily interfere with alternation, 
though it may obscure it when the number of additional parts is 
excessive, or when the whorls are crowded together. 

Chorisis may take place in two ways: either transversely, 
when the increased parts arc placed one before the other, which 
is called vertical, parallel, or transverse chorisis ; or collaterally, 
when the increased parts stand side by side, which is termed 
collateral chorisis. 

Transverse cliorisis is supposed to be of frequent occurrence. 
The petals of Lychnis (fig. 827, a) and many other Caryo- 
phyllaceous plants exhibit a little scale on their inner surface at 
the point where the limb of the petal is united to the claw. A 
somewhat similar scale, although less developed, occurs at the 
base of the petals of some species of Ranunculus (fig. 824). 
The formation of these scales is supposed l>f many to be due to 
the chorisis or unlining of an inner portion of the petal from 
the outer. Each petal of Parnassia (fig. 826) has at its base a 
petal-like appendage divided into a number of parts, somewhat 
resembling sterile stamens ; this also is considered to be produced 
by transverse chorisis. 

In plants of the order Rhamnaccce (fig. 251), and others, 
the stamens are placed opposite to the petals; hence they have 
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been supposed by many botanists to be produced by chorisis from 
•the corolla ; but others explain this opposition of parts by sup¬ 
posing the suppression of an intermediate whorl. Transverse 
chorisis is frequently to be found in the androecium, but it is less 
frequent in the gymecium. An example of transverse chorisis 
in the gyntecium is furnished, however, by Crassula {fig. 245), 
where each carpel has at its base on the outside a little greenish 
scale a, a, which is supposed by some to be due to it. 

It will be observed that, in the above cases of transverse 
chorisis, the parts which are produced do not resemble those 
from which they arise, and this appears to be a universal law in 
this form of chorisis. 

Collateral Chorisis .—We have a good example of this form 


Fig. 252. Fig. 253. Fia. 254. 



Fig. 252. Diagram of the flower of the common Wallflower.- Fig. 253. 

Flower of a species of Streptanthus , with the floral envelopes removed, 
showing a forked stamen in place of the two anterior stamens. From 
Gray.— Fig. 254. Diagram of the flower of the Fumitory. 

in the Stock, Wallflower, and other plants of the order Cruci- 
ferm {fig. 252). Within the perianth we find six stamens; of 
these, two form an outer whorl and Btaud opposite to the lateral 
sepals, while the other four are placed in pairs opposite the 
anterior and posterior sepals, forming an inner whorl; the latter 
has, therefore, four stamens instead of two, which result from the 
collateral chorisis of those two. This *iew is supported by the 
fact that in the genus Streptanthus (fig. 253), in place of the two 
stamens, as commonly observed, we have a single filament 
forked at the top, and each division bearing an anther, 
which would seem to arise from the process of chorisis being 
incompletely carried out. The flowers of the Fumitory are also 
generally considered to afford another example of collateral 
chorisis (fig. 254). In these we have two sepals, four petals in 
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two rows, and six stamens, grouped together into two bundles 
or phalanges. The central one of each bundle bears a two-lobedi 
anther, the lateral ones have only half an anther each. This 
has been held to arise from chorisis of two original stamens. It 
is possible, however, to regard each phalanx or bundle of stamens 
as corresponding to a ternate loaf, each lateral lobe of which 
bears two sporangia, while the central one bears four. It may 
be considered, indeed, that collateral chorisis is illustrated by the 
compound as compared with the simple leaf. It is evident that, 
on this hypothesis, collateral chorisis is only a form of branch¬ 
ing of the staminal leaf. Other examples of this modification of 
the typical flower are by some considered to be afforded by the 
flowers of many species of Hypericum (.%. 265,/,/), in which 
each bundle of stamens is supposed to arise from the repeated 
chorisis of a single stamen. Each bundle may, however, be due 


Fio. 253. Fro. 256. 



Fig. 255. Flower of Qooaefoot ( Chpuopndium), with only one floral envelope 

( monochlamydeoiis ).- Fig. 25C. Flower of the common Ash (Fraa inus). 

in which both floral envelopes are absent ( nthlammlem*). 

to its branching rather than to its repeated division. The multi¬ 
plication of the stamens of Crattegus already described (page 134) 
may be due to this form of chorisis. 

3. Suppression or Abortion. —The suppression or abortion 
of parts may either extend to entire whorls or he confined to 
one or more parts of a whorl. 

a. Suppression or Abortion of one or more IVliorls.— ,We 
have already stated that a completo flower is one which con¬ 
tains calyx, corolla, andrcecium, and gj’mecium. When a whorl 
is suppressed, therefore, the flower necessarily becomes incom¬ 
plete. This suppression may take place either in the floral enve¬ 
lopes or in the sporophglh. 

Sometimes one whorl of the floral envelopes is suppressed, as 
in Chenopodinm {fig. 255), in which case the flower is apetalous 


MonrjroLooY of nErnonucTivK oiigans 137 


or monochlamydewt* ; sometimes both whorls arc suppressed, as 
in the Ash {fig. 250), when the flower is aclilamydeous. 

When from such suppression only one perianth whorl is 
present, it is usual to speak of it as the calyx, though it may be 
petaloid or coloured, as in Caltlia and Anemone. Its calycine 
nature in these cases can be determined by a comparative exami¬ 
nation of other closely related flowers, as the Hellebore, where 
the true petals have undergone a curious change of form. In 
some cases the calyx appears absent, as in the Valerians and 
most Umbelliferce. It is, however, only partly lost, being united 
throughout most of its length with the ovary, and only exposing 
a rim at the top of the latter. 

Fiq. 257. I'm. 258. 



Suppression of a whorl of sporophylls is not uncommon; in 
such a case the flower is said to be imperfect. The androecium 
or gynsecium, or both, may be thus suppressed. When the stamens 
are abortive it is pistillate (fig. 258); when the pistil is absent 
it is staminnte (fiy.^251). 

,b. Suppression of one or more Mcfhbcrs of a Whorl .—This 
is a very common cause of deviation from typical structure ; we 
can here bring forward ojly a few examples. 

This suppression of parts is most frequent in the gynsecium. 
In Bhamnus (fig. 251) we have five sepals, five petals, five 
stamens, and three carpels; here two carpels are suppressed. In 
the Pansy (fig. 259) we have again a pentamerous flower, so 
far as the calyx, corolla, and androecium are concerned, but only 
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throe carpels, two carpels being here suppressed ; in Leguminous 
plants (fig. 260) we have five sepals, five petals, ten stamens# 
and only one carpel, four of the latter being here suppressed ; in 
plants of the order Composites the calyx, corolla, and andreecium 
have each commonly five members, but only two carpels are 
present. 

In some species of Impaticns (fig. 261) we have five carpels, 
Fig. 259. Fig. 260. Fig. 261. 


• • • 



Fig. 259. Diagram of thf* flower of tlie Heartsease ( Viola). - Fio. 200. Dia¬ 

gram of a Leguminou* flower — Fig. 261. Diagram of the flower ot 
Impatient parv\floru. 


five stamens, and five petals, but only three sepals; here two 
sepals are suppressed; in Tropccolum pentaphyllum (fig. 262) 
there are five sepals, and but two petals, three 
Fig. 262. 0 f latter being here abortive. In the Labiatce 
, and Seraplntlariacece one <5f the stamens is 

V ik commonly suppressed, and sometimes three; 

in Lamium we have five parts to both calyx 
fi. and corolla, but only four stamens; and in 

f f ^ cx\ \ Salvia we have also five parts to both calyx and 

| 1 0 H Q | | corolla, but only two stamens. 

| 0 00 Q I Besides these examples of the suppres- 
^ & J sion of parts, there is another kind of suppres- 
sion, to which the term abortion more properly 
applies.* This consists in the degeneration or 
transformation of the parts of a flower. 
plTlflim r '"‘ a ' Scrophularia the fifth stamen is reduced 
’ ' f ' m ' to a scale; in the XhnbcilifertB the limb of 

the calyx is commonly abortive, while in the Composites it is 
either abortive (fig. 291), or membranous (fig. 292), or reduced 
to the form of a number of hair-like growths known as a 
pappus. 


I n A 0 'r 


Fig. 262. Diagram of 
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Stamens which have undergone snch degeneration are known 

stain inode*. The anther is usually replaced by a somewhat 
foliaceous expansion which has no poUen-sacs. 

In some cases such degeneration is accompanied by an 
increase in the number of the members of other whorls! In 
cultivated semi-double flowers we frequently find both stamens 
and carpels partially replaced by petals, and the number of the 
latter considerably increased. 

4. Displacement.— This results in the superposition of ap¬ 
parently successive whorls which in the typical flower are 
alternate with each other. In some cases it is only apparent, 
and is due to multiplication of the whorls, as in the Barberry 
already described. The result of the multiplication in the latter 
is that each petal has a stamen before and a sepal behind it 
(fin- 249). 

In the Lily-of-the-valley there is a six-parted perianth, each 
lobe of which has a stamen in front of it. This is not due, 
however, to displacement. The perianth is the representative 
of two whorls of leaves which alternate with each other, and 
there are two whorls of stamens within the perianth, also 
regularly alternating. The flow'er being very small, the bases 
of all these leaves are crowded closely together, the two whorls 
of the perianth become completely fused into one, and the true 
relation of the parts can be detected only by careful examination 
and comparison with the flowers of other members of the same 
natural order. 

In many cases, however, particularly in the corolla and 
androecium, the members of two succeeding whorls are super¬ 
posed. Allusion has been made to such displacement in the 
case of the stamens of obdiplostcmonous flowers, the outer whorl 
of which is superposed upon the petals, while the inner one 
stands opposite to the sepals. In several natural orders— Plum- 
hae/inaeece, Priinnlaeeas, and llhamnaecte, for example —the 
stamens, which are isostemonous, stand each in front of a petal 
(figs. 251 and 263). 

The anteposition* is generally explained by the suppression 
of an external whorl of stamens between those remaining and 
the petals. Traces of these missing stamens are seen in some 
flowers ; for instance, in some Primiilaeece there is found in this 
position in the flower a whorl of staminodes. 

5. Cohesion of Pacts, or the Coalescence of the Members of 
the same Whorl .—We have seen that in the typical flower the 
members of each whorl of floral leaves are distinct from each 
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other. This is, however, very frequently not the ease; the 
calyx, instead of being evidently formed of a number of sepals 
appears like a more or less cup-shaped body with a number of 
teeth. The cup may be cleft nearly to the base, or the teeth 
may be very small and almost inconspicuous. The corolla, 
again, may be evidently detachable as a single structure. The 
teeth may be regular or irregular in size and shape, giving rise 
to many forms which will be described in detail later. The 
staminnl whorl is less frequently affected by this coalescence, 
but it is extremely common in the pistil. 

When a perianth whorl is made up of separate leaves it is 
said to bo polyacjmlovu, or clciitheroscpaloiui, cleufherope.ialous, 
&c. When the leaves arc not free from each other, it 1 r called 
gamo-sepaious or -petalnun. When the stamens are united thus 


Fio. 20.?. 


Fio. 204. Fin. 205. 



Fig 263. Diagram of the flower of u specie? of Plumbago. - Fig. 264. 

Mouadelplioas stamen* of Halva.- Fig. 266. Triadelphnus stamen? of a 

species of lluprncnin. a. Pi- til. /, United filament*, r. Anthers. ■ 


by their filaments, they are said to he movatlrlphov*, ns in the 
Mallow (.fig. 204). Sometimes the apparent union does not in¬ 
clude all the stamens, but these are gathered together into two 
or more bundles or phalanges, as in Hypericum ( fig. 205). 

A pistil whose carpels are distinct is said to ho ajiocarpoit», 
as in the Buttercup and Pheasant’s-eye; ojie in which they are 
united is called syncarpons, as in the Lily. The union may be 
confined to the ovary, or may extend to the style and stigma. 

Sometimes the coalescence of the members of the whorl 
involves also those of the next whorl above it. In the 
Lily-of-the-valley both perianth whorls, which were originally 
alternate with each other, have all coalesced into a six-toothed 
bell, appearing like a gamopetalous corolla. These are said to 
be gamnphyllous. 



MORPHOLOGY OF REPRODUCTIVE ORGANS 141 


In lionet, Potrntilla, and a few other plants of the same 
family, the cohesion of the sepals is still more complicated by 
the fact that each sepal is stipulate, and the stipules also arc 
coalesced into what resembles a whorl of bracts below the calyx 
I jirj. 267). This is known as an epictdtjx ; it must not be con¬ 
fused with the epicalyx of the Mallow, which has a different 
origin, as already described. 

Though the term cohesion has been used to describe this 
coalescence, it must not be supposed that parts originally free 
have become united. The young leaves originate on the thala- 


Fm. 266. 



Pig, 2ti6. Ap'Varpou- patil of (lie PlicasautVcxp (.VI, gu Fvi . -'if, 

JFlowc f Strawberry, wilh atipnlnr epicalyx- Ftg. -W. . . IHugntm of 

three ‘arpel* 1 , placed hide by side,but not muted. b. A tiai nvuixs section 

of tlic ovaries of the sumo.- Fuj. 269. a. Diagram of three - avpels unitel 

by tlu r ovaries, the styles and stigmus being free. b. A trm sverse section 
oi' the varies of the same. 

mus as separate outgrowths, but the apical growth soon stops, 
antj basal growth ISads to the outgrowth of the whole annular 
zone of the young receptacle on which the leaves have appeared. 
This zono is really con^posed of the bases of the separate 
leaves, which are developed thus together, much as are the 
wings of the separate branches of the epipodium of a pinnatifid 
leaf. 

A few cases of true cohesion of parts originally free are 
met with. In Asclepias the stigmas cohere together and to 
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the anthers of the flower. In a species of Lonicera the ovaries 
of two opposite flowers of an inflorescence unite to form 
connate fruit. 

Where the stamens of a flower are gathered into several 
bundles, as in Hypericum, the condition is probably due to the 
branching of a corresponding number of original protuberances. 

Other cases of cohesion will be referred to later. 

0. Adhesion of Farts, or Coalescence of the Members of one 
Whorl with those of another. —This again is a very common 
disturbance. Normally, the several whorls are placed upon the 
thalamus in such a way that their acropctal order of succes¬ 
sion can bo recognised. The ovary stands at the apex of the 
thalamus, and is said to be superior. The calyx is as evidently 
the lowest whorl, and is termed inferior. The corolla and 
stamens springing from below the ovary are said to bo hypo- 
gymms (Jig. 270). 


Fio. 270. Fm. 271. Fin. 272. 



flu. 270. Hypogymm, ht.uneun of Buttercup.—sfig. 271. Perigynout. 
stamen, of Cherry. — /■'«. 272. l’erigyn^us flower of Strawberry. 


Often, however, the base of the calyx seems to be spread 
out into a sort of cup, and the petals and stamens appear to 
spring from it at a little distance from the thalamus. The 
corolla and stamens are then said to bo perigynons (Jigs. 271 
and 272). The cup bearing the stamens and petals may grow 
completely over and become fused with the wall of the ovary ; 
the latter is then said to'be inferior , and tlic? corolla and stamens 
are epigynous (Jig. 273). Though such a pistil appears to bear 
the other whorls upon its apex, this is^iot really the case; it is 
always the terminal whorl. 

The cup appears to be the dilated base of the calyx, but this 
appearance is misleading. It is really the thalamus which has 
become concave, and the fused calyx leaves grow from it as do 
the petals and stamens. 
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The true interpretation of the structure of the inferior ovary 
^eponds upon a proper appreciat ion of the change in form of the 
thalamus. In some cases it arises from the early suppression 
of the apical growth of the latter and the continuation of the 
development of its peripheral tissue, which thus rises as an 
annular zone or cup. On the margin of this cup are developed 
successively the perianth and stamens. The carpels are de¬ 
veloped at the true apex of the thalamus, and therefore at the 
bottom of the cup, and their walls are fused with the interior of 
the receptaculnr cup as development continues. The outer wall 
of the ovary is so formed of the liollowed-out thalamus or 
receptacle. This view of its origin is supported by the fact that 
in some cases the ovary of the Gooseberry is found to have 


Fio. 273. Fro. 274. 



F w. 273. Epigypousflower of Ihrl.lo,- Fin 274. EpipHttlous 

htamens i»f i’li turoi-e. 


one or two small foliage leaves springing from it, indicating the 
axial nature of the outer wall. 

In other cases the apex of the thalamus does not cease 
growing, but takes part in the concave growth. The carpels 
consequently arise at the top of the cup, closing it in and 
growing downwards into its cavity. 

Adhesion between the stamens and jjetals is very common. 
It i* generally associated with cohesion in the corolla, and is 
accounted for by the outgrowth from the receptacle of an 
annular zone from which spring both petals and stamens. These 
arise from it by apical growth at first, but this is soon replaced 
by basal as before described, and the whole of the bases of the 
two whorls are so developed as a single band of tissue. The 
origin is thus comparable to the fusion of all the perianth leaves 
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Lw. 275. 


in tlie Lily-of-the-valley already described. Such an arrange¬ 
ment of stamens is called epipetalous (fig. 274). , 

7. Spiral Phyllotaxis .—In the Gymnospemis both staininatc 
and pistillate flowers have frequently this 
form of phyllotaxis. Good instances are 
afforded by the so-called coven of many 
genera, which were formerly regarded as 
inflorescences. These structures constitute 
the pistillate flowers of such forms as 
Pittas, Abies, &c. (fig. 275). Each consists 
of a woody axis on which the sporophyllsarc 
arranged in a close spiral. Each sporophyll 
n a . 275. Cone of Hem- is at first succulent, but ultimately becomes 
bard aml W00( ly- H bears on its upper 
surface a large scale-like outgrowth or 
placenta, and at the base of the latter there are two ovules. 
Similar cones occur among the Gycads, some of which have 
both microsporophylls and megasporophylls so arranged. Spiral 
phyllotaxis also occurs in the Angiosperins in certain families 
where the normal phyllotaxis of the flower is whorled, though it 



Lie. 276. 



Fvj. 276, Flower of the White Wutcr-lil.) ( Afimph^a ulbn) i educed iu size. 
After Jussieu. c, c, e, c. The sepals. !>,)>■,}>,)>• Petals, r. Stamens The 
parts outlie right shox^thc gradual transition from the sepals, c, to the 
petals, j>, and from these organs to the stamens, e. Tlic stamens fron 
1 to 5 are gradually more distinctive. 


is less common than the other cases <3f interference with typical 
symmetry. There are two degrees in which it exists, a. The 
whole of the floral leaves may be arranged spirally, as in the 
Water-lily ( Nymphcca) (fig. 276). Here the members of the 
separate whorls show gradual transition from one form to the 
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next. The outer leave* are green and sopaloid; an we pass 
ijj wards their green hue is gradually replaced by white, till they 
are evident petals; there is a similar transition from petals to 
stamens, the leaves becoming narrower and indications of 
anthers appearing at their summits, till the definite staminal 
form is reached. Such flowers arc known as acyclic, b. The 
perianth may be in whorls and the sporophylls arranged spirally. 
This is the case in some of the Ruttercups, where there are two 
series of spirals, the andrcecium and gyntecium. They do not 
show a transition to each other as in the former case. Such 
a flower is termed hcmicyclic. Sometimes the whorls of the 
perianth arc not true ones, but result from a condensed spiral. 
This may be seen in such corollas as have a quint-uncial (estiva¬ 
tion (see page 205). 

8. Metamorpliotix of Parte of flic Flower .—A modification 
of the structure -of the flower, which is 
not uncommon, is seen in cases where 
one leaf or more of either of the whorls 
have assumed an abnormal appearance 
or structure. In the Aconite the petals 
are developed as two long slender 
bodies with a dilated head, which stand 
together under the arched upper sepal 
{fig. '21V). In the Hellebore all the 
petals are represented by small tubular 
bodies which are nectaries. In some 
flowers again, particularly in cultivated 
forms, we meet with cases where leaves 
of the androeeium are developed as petals. 

This is most generally found in flowers 

which have typically many stamens, e.g. f'in-2'7. a portion of tho 
-r, T , ' * . Vit i ’ flower nt the Monkshood 

Roses, Buttercups, &c. We have as a (Acmitum), with mi- 

result so-called double flowers. Oeea- memns stamens below, 

• . and two stalked soroe- 

sionally such a metamorphosis occurs lh wlmthoni-Bliaped petals 
wild flowers. aim-e. 

Other forms of intefference with normal symmetry are due 
to modification of the floral axis or thalamus. These will be 
discussed later. Sometimes a flower which is normally zygo- 
morphic, from a single petal being spurred, becomes regular 
by developing spurs to all its petals. Such a flower is called 
peloric. 
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The Parts of the Flower. 

We must now examine the structure of the flower in greater 
detail, dealing with the axis and its modifications, and with the 
peculiarities of the separate floral whorls. 

(1) THE THALAMUS. 

The part of the flower-stalk or axis which is above the inser¬ 
tion of the leaves of the calyx, and so is within the flower, has 
been variously distinguished by botanists as the thalamus, re¬ 
ceptacle, and torus. 

In the majority of plants it consists of three undeveloped 
intemodes, and accordingly presents no remarkable feature; 
but in others it becomes much enlarged, and then assumes a 
variety of appearances, and modifies to a Considerable extent 
the form of the flower. In the species of Magnolia■, Lirioden- 
dron, and plants of the order Magnoliaceas generally, the thala¬ 
mus is cylindrical (fig. 407, a) ; in plants also of the order 
Anonacece it usually acquires a somewhat similar form ; in the 
Raspberry (fig. 409, 1) and species of Ranunculus (fig. 270) it 
is conical; in the Strawberry (fig. 272) hemispherical; in 
Nelumbium (fig. 278, thal) it is a large tabular expansion in 
which there are a number of cavities containing the separate 
carpels. In the Rose it forms a deep cup, upon the sides of which 
the carp'els are placed (fig. 280, r, r). 

In the 1‘rimulacccc, Santalaccce, and in all cases where the 
ovules are not developed upon the carpel! ary leaves, the thala¬ 
mus becomes prolonged into the cavity of the ovary and bears 
the placenta ( fig. 488). At other times the thalamus becomes 
prolonged beyond the ovary, os in the Qeraniacecc and TJm- 
hellifera’. ; this prolongation is termed a carpophore. In the 
species of Geranium (fig. 448, cj, this carpophore forms a 
long beak-like process, to which the carpels, car, are attached, 
and from which they separate when the fruit is ripe. In 
many cultivated flowers, as in the Roue, the thalamus some¬ 
times acquires a monstrous development, and becomes extended 
beyond the flower into a branch bearing foliage leaves (fig. 279). 
To this prolongation of the axis^beyond the flower the term 
median prolification is usually applied. 

In some plants the last internode of the thalamus becomes 
elongated and forms a stalk to the ovary, to which the term 
gynophore has been applied; sometimes the internode between 
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the perianth and the sporophylls elongates. Examples may be 
Keen in some of the Capparidaceiz {fig. 280 that ); in the 
Pink (fig. 405, q), Dictamnns (fig. 427, g), and Xanthoxylon 
(fig. 411, g). 

Sometimes the thalamus presents certain modifications of 


I’m. 278. 


Fw. 279. 



Fig. 278. thah Thalamus of Nehimbium. cat id. Carpels.- Fig. 279. Mon¬ 

strous development of the flower of the Rose, showing the aria prolonged 
beyond the flower an" bearing foliage leaves.-*— Fig. 280. Flower of a 
Species of U (tn/ind ro/tsu, belonging to Capparidaoeae. cal. Calyx, cor. 
Corolla, tftal. Prolonged tlialamus or gynopliore, supporting the stamens, 
*/, and ovary, or. 


form which are seen between the floral whorls. They are due 
to changes in particular internodes, and generally occur above 
the perianth leaves. Any such modification of the thalamuB is 
known as the disc. Under this term we include all bodies, of 
whatever form, except sporophylk, which are situated on the 

L 2 
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thalamus between the calyx and gynsBoium, or which ure upon 
or in connection with either of these organa, but which cannci 
be properly referred to them. 

The disc is developed in a variety of forms; in the 
Orange and Rue (fig. 282) it forms a fleshy ring surrounding 


Fig. 281. 


Fro. 282. 



Fig. 281. Flower of the Fennel (Ftenieuhun capillat'fium). The ovary is sur¬ 
mounted by a disc, d. - Fig. 2 82. Flower of the Hue (Ruia graveolens). 

The pistil is surrounded bv a disc in the form of a fleshy hypogynous ring, 
on the outside of which the stamens are inserted. 


the base of the pistil; in the Tree Pirony (fig. 283) it occurs as 
a dark red cup-shaped expansion covering nearly the whole of 
the pistil except the stigmas; in the Cherry (fig. 271) it forms a 


Fin. 283. 


Fro. 281. 




Fig. 283. Pistil of the Tree Pteony (Pteonta Moutan or Afoutan officinaltt) 

invested by a large cup-slmped expansion or disc.- Fig. 284. Fisfcll of 

Stonecrop (Sedum), cqpsisting of five distinct vjarpels, on the outside of 
each of which at the base a small scaly body may be noticed. The pistil 
is compound and apocarpous. 


sort of waxy lining to the receptacular tube. In other cases the 
disc is represented by little separate glandular bodies, as in some 
Cruciferous plants; or by scales, as in the Stonecrop (fig. 284) 
and Vine (fig. 844); or by various petaloid expansions, as in the 
Columbine. 
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A peculiar swelling upon the summit of the inferior ovaries 
•f the flower of the Natural Order Umbellifcrce is also gene¬ 
rally referred to as a variety of the disc, though it is above 
instead of below the gyneecium. It forms a conical swelling 
which surrounds and adheres to the bases of the two divari¬ 
cating styles. On this account it is sometimes called a stylo- 
podium. 

The disc is termed hypogynous, periyynous, or epigynous, 
according to its position with reference to the ovary. 


(2) THE WHORLS OF PERIANTH LEAVES, 
a. The Calyx. 

The calyx is the outermost envelope of the flower, and is 
composed of two or more leafy members called sepals. These 
sepals me usually' green like the foliage leaves,by which cha¬ 
racter they' may, in most cases, be distinguished from the petals, 
as well as by the position and more delicate texture of the latter. 
There are numerous instances, however, especially when the 
number of petals is much increased, in which there is a gradual 
transit' n from the KcpalB to the petals, so that it is difficult or 
almost impossible to say. in many cases, where the calyx ends 
and the corolla begins. The White Water-lily (fig. 276) affords 
a familiar and good illustration of this. In some plants, again, 
the green colour disappears, and the calyx becomes coloured 
with the same tints'as the corolla, or with some other bright 
hues. In such cases it is said to be petaloid, and the chief 
distinctive character between it and the corolla is then afforded 
by its position on the outside of the latter organ. The Fuchsia, 
Indian Cress, Columbine, Larkspur, and Monkshood may be 
mentioned as affording familiar examples of a petaloid calyx 
amongst Dicotyledons. In Monocotyledons generally, as in the 
Lily, Iris, Tulip, Crocus, and Squill, the two floral envelopes, 
although sometimes ^reen, are usually coloured and resemble 
each other so closely in other respects that the collective name 
of perianth is used to indicate the two whorls taken together. 
When there is but one whorl of floral envelopes, as in the Goose- 
foot (fig. 255), it is customary to call this the calyx, whether it 
is coloured or green. 

In their structure, venation, and characters generally, the sepals 
resemble the foliage leaves. They exhibit various characters as 
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regards their figure, margins, apex, Ac., although they are by no 
means liable to such numerous variations in these particulars as ar% 
the blades of foliage leaves. The terms used in defining these 
modifications are the same as those applied to the blades of leaves. 

Sepals are almost without exception destitute of a stalk, or, in 
other words, they are sessile upon the thalamus. They are also 
generally entire at their margins, although exceptions to this latter 
character occasionally occur: in the Poeony and Bose (figs. 286, 
cf, and 302, cf) the sepals are incised; in many species of Dock 
they are toothed; in Chmnmlaucium plumosum each sepal is 
divided into five deep lobes or partitions ; and in Passiflora faitida 
the sepah are pinnatisected, and each segment is pinnatifid. 

The sepals may be either distinct from each other, as in the 
Poppy, Buttercup, Wallflower, and Strawberry (fig. 207); or 
more or less united into one body, as in the Pimpernel (fig. 287), 

Fig. 285. Fia. 280. 




Fig. 285. Yertical section of the flower of the Bose, r, r. Concave thalamus, 
upon which are placed several carpels, o, o, each of which Is famished with 

a style and stigma, x. e, e. Stamens.- Fin. 286. Flower of Monkshood 

(AconUum Fapelim), with an irregular polyBepaious calyx. The upper 
sepal is hooded or helmet-shaped. 

Campion, and Henbane (fig. 288). In the former case tho 
calyx is usually termed polysepalous, or dialysepalous ; in the 
latter it is commonly (Tailed gamosepaloua. 

1. Polyskpalous on Dialysepalous Calyx.— A polysepalous calyx 
may consist of two or more parts ; thevnumber is then indicated by 
a prefix of Greek numerals; it is disepalous when it is composed of 
two distinct sepals, trisepalous when it has three, and so on. 

A polysepalous calyx is called regular if it consists of Bepals of 
equal size and similar form, and is arranged in a symmetrical 
mariner, as in the species of Ranunculus (fig. 227); and it is said 
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to be irregular when the sepals vary in these particulars, as in the 
Monkshood (fig. 286). 

2. Gamobepalous Calyx.— When the sepal are united so as to 
form a gamosepalous calyx, various terms are used to indicate the 
different degrees of fusion. Tho union may involve only the base 


Pig. 287. Pic,. 288. Fig. 289. 



Fi</. 2 87 Partite inferior calyx of the Pimpernel (Anagallu). - Fig. 288. 

TJrc r> Me calyx of the Henbane (Hyoxcyamns). - Fig. 289. Bilabiate 

calyx of the Dead-nettle ( lamium). 


of the leaves, as in the Pimpernel (fig. 287), when the calyx is said 
to be partite ; or it may extend to about the middle, as in the 
Centaury, when it is cleft or fissured ; or the sepals may be united 
almost If the top, as in the Campion, when it is iuotlied ; or the 
union may be quite complete, when it is entire. The number of 
partitions, fissures, or teeth is indicated by the same prefixes as 
those previously referred to 

as used in describing the ^ IG ' “^0. 

divisions in the lamina of a 

leaf, and in the majority of . ^.Qi§LiM.«i£ 

cases it corresponds to that 
of the component sepals of 
which the calyx is formed ; 

although exceptions to this V —- y 

rule sometimes occur, as for n 

instance in those cases where gf 

the divisions are themselves Vw tSf 

divided into others. A Tittle • \ ff' 

care in the examination will, lj 

however, generally enable the ,. „„„ „ , ., _ , „ 

° y • hq. 290. Vertical section of the flower of the 

observer to distinguish the Myrtle (.1 fyrlut communis). c«I. Tube of the 
primary from the secondary calyx adherent to the ovary, o. t. Stamens. 

divisions. When a gamosepalous calyx is entire, the number of 
sepals can then be ascertained by the venation, as the principal veinB 
from which the others diverge generally correspond to the midribs of 
the component sepals. In a gamosepalous calyx in which the union 
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exists in ft marked degree, the part where the sepals are united is 
called the tube, the free portion the limb, and the orifice of the tuU, 
the throat or faux (figs. 288 and 289). 

If the union between tho sepals is unequal, or the paits are of 
different sizes, or of irregular figures or forms, the calyx is said to 
be irregular ( fig. 289); if, on the contrary, the parts are alike in 
figure and form, of the same size, and united so as to form a sym¬ 
metrical body, it is regular ( fig. 288). Some varieties of the irregular 
and also of the regular calyx have received special names. In 
the Dead-nettle (fig. 289), the irregular calyx is said to be labiate, 


Fig. 291. Fio. 292. Fm. 293. Fig. 294. 



/'il/. 291. One of tire tabular florets of the Ox-eye ( Vhi ittanlhemum ). The 
oalyx its completely united to the ovary and presents do appearance of a 

limb.- Fill. 292. One of the tubular tiorptaof the Sunflower (//elwnihn*). 

The limb of the adherent calyx Is membranous.- Fm. 293. Fruit of the 

Valeriau surmounted by a feathery sessile pappus.-/ty. 294. Fruit of 

Scabious surmounted by a stalked pilose pappus. 


bilabiate, or lipped, because the five sepals of which it is composed 
are united in such a manner as to form two lips. Of the regular 
forms of the gamosepalous calyx a number are distinguished under 
the names of tubular, bell-shaped or campanulas, urceolate (fig. 
288), conical, globose, &c. The application of these terms will be 
further shown when spfeaking of the corolla, in which similar forms 
occur, and in which they are usually more evident. 

The tubo of a gamosepalous calyx^ or of that of a perianth (the 
parts of which, like the sepals, are frequently united to a varying 
extent), sometimes adheres more or less to the ovary, as in the Iris, 
Myrtle (fig. 290, cal), in all the plants of the order Composite and 
in those allied to it (figs. 291 and 292), and in numerous other 
plants. When this takes place, the calyx is said to be adherent, or, 
because it appears to rise from the summit of the ovary, superior ; 
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the ovary in such a case is then described as inferior. When the 
calyx is free, or quite distinct from the walls of the ovary, as in the 
Pimpernel (fig. 287), Wallflower, and Poppy, or from the free carpels, 
as in the Buttercup, it is said to be free, non-adherent, or inferior-, 
and the pistil is then termed superior. 

When the calyx or perianth is adherent to the ovary, its limb 
presents various modifications: in the Iris, Crocus, and Orchids, it 
is petahid; in the,Quince, foliaceous (,/ip. 299); in the Sunflower 
(fig. 292) and Chamomile it is membranous ; in the Madder it 
existB only in the form of a circular rim ; while in the Ox-eye it is 
altogether absent (fig. 291). In the two latter cases the calyx is 
commonly described as obsolete. In many plants of the order 
Composite and the allied orders Dipsacece and Valerianaceic, the 
limb of the oalyx is only developed in the form of a circle or tuft of 
bristles, hairs, or feathery processes, to which the name of pappus 
is given, and the calyx under such circumstances is said to be 
pappose. The pappus is further described as feathery or plumose, 
and simple or pilose; it is featheiy, as in the Valerian (fig. 293), 


Fro. 295. 


Fm. 296. 




Pin. 295. Flower of 
the luriinn Cress 
( Tropeeolvm). c. 
Spurred calyx. 
Pill. 296. Calyx 
of Hibiscus sur¬ 
rounded by an 
cpicalyx or in¬ 
volucre. 


when each of its divisions is covered on the sides by little hair¬ 
like projections arranged like the barbs of a feather; and pilose 
when the divisions have no marked projections from their sideB, 
as in the Dandelion and Scabious (fig. 294). The pappus is also 
described as sessile when it arises immediately from the tube of the 
adherent calyx, and thus apparently from the top of the ovary or 
fruit, as in the \ al&rian (Jig. 293); and* stalked or stipulate, if it is 
raised above the ovary or fruit, on a stalk, as in the Dandelion and 
Scabious (fig. 294). 

Modifications and Appendages of the Calyx.— The calyx, 
whether garuosepalous or polysepalous, is subject to various other 
irregularities besides those already alluded to, which arise from 
the expansion or growing outwards of one or more of the sepals 
or the tube into appendages or processes of different kinds. 
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In the Monkshood (fig. 286) the superior sepal is prolonged 
upwards into a sort of hood or helmet-shaped process, and is said < 
consequently to be hooded, helmet-shaped, or galeate. In the 
Wallflower, and other plants of the Cruciferce, the two lateral 
sepals are expanded on one side at the base into little sacs or 
pouches, and are termed gibbous or saccate. If the calyx has 
one or more tubular prolongations downwards, it is said to be 
spurred. Only one spur may be present, as in the Indian Cress 
(fig. 295, c), where the spur is formed by three sepals ; or in the 
Larkspur, where it is formed by one; or each of the sepals may 
be spurred. In Pelargonium the spur, instead of being free 
from the pedicel as in the above instances, is adherent to it. 

On the outside of the calyx of some flowers, as in those of 


Fig. 297. 


Fig. 298. 


Fin. 299. 



Fig. 297. Flower of the Poppy, showing u caducous calyx.- Fig. 298. Accres¬ 
cent calyx of the Winter Cherry (Phymlti Alkekengi). - Fig. 299. Ver¬ 

tical section of the fruit of the Quince (Pgrut Cydonia), showing the tube 
of the calyx adherent to the matured carpels, and forming a part of the 
pericarp: the free portion or limb being foliaceous. 


many plants of the Malvacees (fig. 296), Caryophyllacea• (fig. 
800, b), and liosacece (fig. 267), there is placed a whorl of leaf¬ 
like organs which is considered by some botanists as an outer 
calyx, and to which the Iiamo of eptcalyx or calyciilus has 
accordingly been given. The true nature of this outer whorl 
in the several eases has already been discussed. 

Duration of the Calyx.— The duration of the calyx varies 
in different flowers. It is caducous or fugacious when it falls 
off as the flower expands, as in the Poppy (fig. 297). In Esch- 
scholtzia the calyx, which is caducous, separates from the hollow 
thalamus to which it is articulated, in the form of a funnel, or 
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the extinguisher of a candle. A somewhat similar separation of 
the calyx oocurs in Eucalyptus, except that here the part which 
is left behind after the separation of the upper portion evidently 
belongs to the calyx, instead of to the thalamus, as in the former 
instance. In these two latter cases the calyx is said to be calyp- 
trate or operculate. When the calyx falls off at about the same 
time as the corolla, as in the Crowfoot or Buttercup, it is called 
deciduous. In other cases the calyx remains after the flower¬ 
ing is over, as in the Henbane (fig. 288) and Mallow, when it is 
described as persistent. When the calyx is adherent or superior 
it is necessarily persistent, and forms a part of the fruit, as in 
the Quince (fig. 299), Apple, Pear, Melon, and Cucumber. 
When it is persistent and assumes a shrivelled or withered 
appearance, if is said to be macrescent ; when it is per¬ 
sistent. and continues to grow after the corolla has fallen off, 
so as to form a bladdery expansion round the fruit, as in the 
Winter Cherry and other species of Phtjsalis (fig. 298), it is 
termed accrescent. 

b. The Corolla. 

The corolla is the inner envelope of the flower. It consists 
usually of a single whorl of leaves, called petas. In a complete, 
flow' (Jig. 245 p) it is situated between the calyx and andree- 
eiuni, and is generally to be distinguished from the former, as 
we have already seen, by its coloured nature and more delicate 
structure. When there is but one whorl of perianth leaves, as 
we have also before noticed, this is to be considered as the calyx, 
and the flower is then termed apetalous or monochlamydeous. 
The corolla is usually the most showy and conspicuous part of 
the flower; in some rare cases, however, it is green like the calyx, 
as in certain members of the Natural Order Asclepiadaceee. 
The fragrance of a flower is associated with its petals. 

The corolla is sometimes smooth, but very frequently its 
surface bears hairs of various forms and colours, particularly in 
those flowers which are pollinated by insects. Petals are fre- 
qqpntly narrowed below into a stalk-like portion, which corre¬ 
sponds to the petiole of the leaf, as in the Wallflower and Pink 
(fig. 801); the narrow portion is then termed the unguis or 
elate, o, and the expanded portion the limb, l, and the petal is 
said to be unguiculate or clawed. In this particular, petals 
must bo considered to resemble the foliage leaves more than the 
sepals do, as the latter organs are almost without exception 
sessile, or destitute of claws. 
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The shapes of the petals, Eke those of the sepals and leaves, are 
subject to great variation. They may be linear, oblong, lanceolate, 
elliptic, ovate, cordate, Ac. The application of these terms, having 
been already fully explained when speaking of leaves, need not be 
further alluded to. The condition of their margins also, the manner 
in which they aro divided, and their terminations, are also indicated 
by the same terms as those which we have already made use of in 
describing foliage leaves. The petals may be dentate, serrate, cleft, 
partite, - sected, acute, cnumjinatc, Ac. One particular condition of 
the margins does not occur in the case of the leaves ; their edges arc 
somewhat deeply slashed or divided, so as to present a number of 
long, narrow, almost thread-like processes. When this is the case 
the petals are said to be fimbriated or fringed. The condition is seen 
in some species of Diantlius (figs. 300 and 301). 

Fia. 300. Fio. 301. 



Fig. 300. The Sower o£ n siwcien of l'ink ( Iwnthm ). b. Bracts, forming an 
epicalyx or involuore. c. Calyx, p, p. Petals, the limbs of which are 

fringed at their margins, e. Stamens.- Fig. 301. One of the petals of 

the same flower, o. Claw or unguis. I. Limb, w liicli is fringed at the 
margins. 

In texture the petals are commonly Boft and delicate, but they 
sometimes differ widely from this, and become thick and fleshy, 
as in the Stapelias; or dry and membranous, as in the Heaths; 
or stiff and hard, as in Xtylopia. ' 

The petals also, like the sepals, may be either distinct or 
more or less united into one body. In the former ease, the 
corolla is said to bo polypetalous or iliatypetalous (figs. 300-308); 
in the latter, gamopetalous (figs. 804-321). 

1. Pojvn’KTALocs on Dialvpetalous CoEOLi.A.—The number of 
petals which enter into the composition of the corolla is expressed, 
as in the case of the polysepalous calyx, by a prefix of the Greek 
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numerals. A corolla of two petals is said to be dipcfahtus ; of 
three, tripetalous ; and so on. 

When the petals are all of the same size and of similar form, 
and are arranged in a symmetrical manner, the corolla is termed 
regular, as in the Rosacece (figs. 207 and 302); but when the 
petals vary in these particulars, as in the Pea and allied plants 
(figs. 260 and 303), it is said to be irregular. Several varieties of 
regular and irregular polypetalous corollas occur. 

A. Regular Polypetalous Corollas .—Of these there are three 
characteristic forms, viz. the cruciform or cruciate ; the caryophyl- 
laceous ■ and the rosaceous. 

1. Cruciform or Cruciate .— 1 This corolla gives the name to the 
natural order Crucifera ; but it also occurs elsewhere. It consists 


Fia. 302. 


Fra. 303. 


Fig. 304. 



Fig. 302. Flower of the Hone. b. Bract, ct. Tube of the 
calyx, tf, cf, cf, ct. cf. Divisions of the calyx, p, p, p, 

p.p. Petals.- Fig. 303. The flower of the Sweet Pea 

(iMthyms odoratus). c. Calyx, r. Vexillum. a. Aire nr 

wings, car. Carina or keel.- Fig. 304. Flower of 

Spigclifi marylnjuiira. r. Calyx, t. Tubular corolla. 1 
Limb of the corolla, r. Summit of the style and stigmas. 



of four petals, usually with claws, as in the Wallflower and Stock; 
but sometimes without claws, as in the Celandine, and the whole 
arranged in the form of a cross. 

2. Caryophyllaccous .—This consists of five petals, with long 
claws enclosed in tiny tube of the calyx, and with their limbs com¬ 
monly placed at right angles to the claws*as in the Campion, Single 
Pink (figs. 300 and 301), and Carnation. 

8. Rosaceous .—This iagjomposed of five petals, which are sessile 
or have very short claws. They are concave above, and spread 
regularly outwards, as in the Strawberry (fig. 267) and Single Rose 
(fig. 302). 

B. hregular Polypetalous Corollas .—There are many anomalous 
forms of irregular polypetalous corollas to which noparticular names 
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are applied. There is one, however, namely the Papilionaceous, 
which is of considerable importance, as it occurs in all British 
Leguminosee. It is composed of five petals (figs. SOB and 404) 
one of which is superior or posterior, and commonly larger than 
the others, and is termed the vex ilium or standard (fig. BOB, v ); 
two inferior or anterior, which are usually more or less united and 
form a somewhat boat-shaped cavity, car., called the keel or carina ; 
and two lateral, a, called the wings or ahv. The alee overlap the 
carina, and are themselves overlapped by the vexillum. 

In many cases where a number of regular flowers are massed 
together, as in certain corymbs, umbels, or capitula, the flowers 
round the margin of the inflorescence become irregular by the greater 
development of such of their petals as are outermost. These are 
known as radiant flowers. 

2. Gajioi-htai.ouh Conor,!, r. When the petals form a gamo- 
petalous corolla, the same terms are used as in the case of the 
gamosepalous calyx to indicate the degrees of cohesion. 

The gamopetalous corolla, like the gamosepalous calyx, is regular 
when its parts are of the same size, and of similar figure or form, 
and united so as to form a symmetrical body (figs. 304 309); other¬ 
wise, it is irregular (figs. BIO-321). 

A. Regular Qamopetahms Corollas.-- The following forms are 
those most commonly occurring :— 

1. Tubular, where it is nearly cylindrical throughout, the limb 
not spreading, as in Spigelia (fig. 304), and in the central florets of 
many Composite?, as in the Ox-eye ( Chrysanthemum ) and Sunflower 
(Helianthus) (fig. 292). 

2. Campanulate or bell-shaped, where the corolla is rounded at 
the base, and gradually enlarged upwards to the summit, so as to 
resemble a bell in form, as in the Harebell (fig. 305). 

3. Infundibnliform or funnel-shaped, where the form of the 
corolla is that of an inverted cone, like a funnel, as in the Tobacco 
(fig. 306). 

4. Hi/pocrateriform or salver-shaped (fig. B07), where the tube 
is long and narrow, and the limb placed at right angles to it, as in 
the Primrose. 

5. Rotate or wheel-shaped, where the tube is short, and the limb 
at right angles to it, as ii} the Forget-me-not '(fig. 308) and Bitter¬ 
sweet (Solanum Dulcamara). 

6. Vrceolate or urn-shaped, where the corolla is swollen in the 
middle, and contracted at both the base fend apex, as in the Purple 
Heath (fig. 309) and Bilberry (Yaccmium Myrtillus). 

B. Irregular Gamopetalous Corollas. —The following forms are 
most noteworthy 

1. Labiate, bilabiate, or ringent. —When the parts of a oorolla 
are so united that the limb is divided into two portions which are 
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placed superiorly and inferiorly, the upper one overhanging the 
lower, and each portion so arranged as not to close the orifice of the’ 
tube, thus resembling in some degree the lips and open mouth of 




Fig. 305. Flower of the Harebell (Campanula rotundifolia ), showing a cam- 
paunlate corolla.-*— Fig. 306. Flower of the Tobacco Plant (Nicotiana 
Tabarnm ), with iufnndibuliform corolla — *Fig. 307. Flower of a species 
of Primula, c. Calyx, within which is seen a hypocrateriforin corolla, p. 

t. Tube of the corolla. 1. Limb.- Fig. 80S. Flower of the Forget-me- 

not (Myosotis paluslris). jp. Rotate corolla, r. Beales projecting from its 

throat.- Fig. 309. Flowfr of a species of Heath ( Erica ). c. Calyx, within 

which is an urceolate corolla, t, l. 

an animal (figs. 310-813), the corolla is termed labiate, bilabiate, or 
ringent. The upper lip is composed of two petals which are either 
completely united, as in the White Dead-nettle (fig. 301), or more or 
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less divided, as in the liosemary (Jig. 312) and Germander (Tenet iitm ) 
(jig. 311 ); and the lower lip of three petals, which are also either 
entire, ns in the Bosemary (fig. 312), or bifid, as in some species of 
Lamium, or trifid, ns in Galeobdolon (fig. 313). When a labiate 


Fin. 310. 




Fin. 310. Eingont or gaping corolla nf the Denil-nottle (lamium ntlunn), 

nhd'.vinsr the entire upper lip.- 311 . Back view ot the flower of iv 

rpecfesof Trueman, showing the Infill upper lip of thecorolla. Fig. 312.- 

Plowerof the Rosemary ( ltosmarhtm ) with upper lip <liviilptl. 


corolla has its upper lip much arched, as in the White Dead-nettle 
(fig. 310), it is frequently termed 1 uigent or gaping. The labiate 
corolla gives the name to the natural order Labiatie, in the plants 
belonging to which it is of almost universal occurrence. It is found 
also in certain plants belonging to some other orders. 

2. Personate or Masked. —This form of corolla resembles the 
labiate in being divided into two lips, but it is distinguished by the 
TTo 313 lower lip being approximated to the upper, so as to 
close the orifice of the tube or throat. The closing 
of the throat is caused by a projection of the lower 
lip called the palate (fig. 314). Examples occur in 
the Snapdragon (fig. 314) and the Toadflax (fig. 315). 
In the species of Calceolaria the two lips become 
hollowed out in the form of a slipper; hence such a 
corolla, which is but a slight modification of the per¬ 
sonate, is sometimes termed culceulate. 

3. Ligtilate or Strap-shaped .—If what would 
otherwise be a tubular corolla is partly split open 
on one side, so as to become flattened like a strap 
above (figs') 310 and 317), it is called ligulate or 
Front view of the strap-shaped. This kind of corolla frequently occurs 
Go*?** s°(j'^ e florets of the Composite?, either in the whole 
with triflii lower of those constituting the eapitulum, as in the 
"F- Dandelion (Taraxacum); or only in some of them, 

as in the outer florets of some species of Senecio (Jig. 239). The 
apex of a ligulate corolla has frequently five teeth, indicating the 
number of its component petals (fig. 316). 
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Besides the forms of regular and irregular ganiopetalous corollas 
already described, others also occur, some of which are but slight 
ftiodifications of these, and arise from irregularities that are produced 
in certain parts in the progress of their development. In the 


Fio. 314. 


Fra. 315. 


Fio. 316. 



Fig. 314- Personate corolla of t h e Snapdragon (Aiittr- 
rhtnum ). 1. Lowerlip. «. l/pperlip. b. Gibbous 
ba=e.-— Fig. 315. Personate corolla of the Toadflax 

(Ltnaria). spurred at its base.- Fig 316. Ligulate 

corolla of a Composite flower, with live teetli at its 
apex. 

Fra. 317. Fra. 318. 






Fia 317. Ligulate corolla of the Ox-eye (Chryeanthe- 

mum ). - Fig. 818. DlgitaUform or finger-shaped 

ooroltaaof the foxglove (DigUaltt purpurea ).—- 
Fig. 319. Irregular rotate corolla of Speedwell 
(.Veronica). 


Foxglove (fig. 318) the general appearance of the corolla is some¬ 
what bell-shaped, but it is longer than this form, and slightly 
irregular, and as it has been supposed to resemble the finger of a 
vol. I. M 
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glove, it has received the name of chgilaliform or finger-shaped. In 
the Speedwell (fig. 819) the corolla is nearly rotate, but the division^, 
are of unequal size and shape, hence it may be described as iiregu- 
larly rotate ; and in the Red Valerian the "corolla is irregularly 
salver-shaped (fig. 821). 

Appendages of the Corolla. —The corolla, like the calyx, 
whether polypetalous or gawopetalous, is subject to various 
irregularities, arising from the expansion or growing outwards 
of one or more of the petals, or the tube, into processes or 
appendages of different kinds. In the Snapdragon (Jig. 
314, 6) and Valerian (Jig. 320), the lower part of the tube of 
the corolla becomes dilated on one side, so as to form a little 


Fiu. 320. 


Flo. 321. 



320. Flower of a specie,* 
of Valerian i ValertOtt.i ). 
e. Calyx, adherent to the 
ovary /. Limb of the 
calyx rolled inwards. The 
corolla has a projection 
toward, it, base, and i.** 
hence said to be gibbous 
-—Fig. 321. Flower of the 
Red Valerian (Centranthus). 
The corolla 13 Irregularly 
salver-shaped and spurred 
ut its base. 


pouch or sac; it is then termed saccate or gibbous, this term 
being used in the same sense as previously described when 
speaking of the calyx. In other cases, one or more of the 
petals, or the tube, becomes prolonged downwards and forms 
a spur, when the petal or corolla is described as spurred 
or cakarale. Examples of spurred petals or corollas may bo 
seen in the l’ansy, Columbine (Jig. 323), Toadflax (fig. 335), 
and Red Valerian (fig. 321). Only one spur may be present, 
as in the Pansy, or each of the petals may be spurred, as in 
the Columbine (fig. 323). The Yellow Toadflax, which usually 
produces only one spur, in rare instances is found with five. 
Such a modification of the structure was termed by Linuteus 
peloria, a term which is now frequently applied by botanists in 
the ease of all flowers which thus pass from irregularity to 
regularity. In the Monkshood (fig. 822) each of the two petals 
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which are situated under the helmet-fonued sepals already 
•noticed (jiff- 288) is shaped somewhat like an irregularly curved 
horn placed on a long channelled stalk. 

The corolla is usually composed of but one whorl of petals, 
and it is then termed nimble-, but in some dowers there are 
two or more whorls, in which case it is called multiple. When 
the corolla is composed of but one whorl, its parts in a regular 
arrangement alternate with the sepals, although cases some¬ 
times occur in which they are opposite to them. The causes of 
these different arrangements have already been explained under 
the head of the Symmetry of the Flower. 


Pio. 322. Pro. 323. 



fig. 322. A portiuu of the flower of the Monkshootl ( Acomtum », with 
numerous stamens below, an* 1 two stalks I ■somewhat lioin shaped petal* 

above.- fig. 323. Vlower of the Columbine (Aqatfi'/in ntfgunt,) with 

each ot It* |total* spurroil. 


On the inner surface of the petals of many dowers we may 
frequently observe appendages of different kinds in the form of 
scales or hair-like processes ol' \ arious shapes. These are com¬ 
monly situated at the junction of the claw and limb (Jiy. 327, if); 
or at the base of tbg petals (fiyx. 324 and 325). Such appen¬ 
dage may be well seen in the Mignonette (Jiy. 325), Buttercup 
(,/£</. 824), Lychnix ( Jiy . 827, a), and Grass of Parnassus (Jiy. 
826). Similar scales may*be also frequently noticed in gaiuo- 
petalous corollas near the throat, as in many members of the 
lioruyinacexe, particularly the Comfrey, Borage, and Forget- 
me-not (Jiy. 808, r); also in the Dodder, and many other plants. 
Sometimes these scales become more or less united and form a 
cup.shaped structure, as in the periauth of the Daffodil (jig. 828) 

u 2 
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and other species of Narcissus ; to this the term corona is 
commonly applied. The beautiful fringes on the corolla of this 
I’assion-flower are of a similar nature. 


Fiu. 826 . 



i'l!/ 321. IVtal nl ii Lluttrlcup with .i m.vtiuilui<u» K'ak' ut it* bare. 

Ac. 326. One ol the petals* of Mignonette < Re win )— Fn/ 32(> A petal 
of tlie Grass of I’arim&sU" jwlttdlri s) boating u lnnged wait* at 

its base. 


The origin of all these scales is by no means clearly ascer¬ 
tained ; by some botanists they have been supposed to .e de¬ 
rived from the petals, by others to he abortive stamens ; those 


Fiu. 327. Flu. 328. 



Fiy. 327. A petal of a specie* of Lyihitu. o. Claw. f. Limb. a. Scaly af»- 

penduges.- Fiy. 328. Flower of the* Daffwlil (Xarcimix l‘seitUo-nareusin'). 

The cup- or Itdl-shaped process towards the centre is termed a corona. 


occurring at the junction of the claw and limb are liyulcs deve¬ 
loped on the petals. Formerly many of these appendages were 
described under the name of nectaries, although but few of them 
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possess the power of secreting the honey-like matter or nectar 
.from which they derived their names; they were therefore 
improperly so termed. 

Duration of the Corolla. —The duration of the corolla 
varies like that of the calyx, but it is almost always more 
fugitive than the latter. It is caducous if it falls as the flower 
opens, as in the Grape-vine; commonly it is deciduous, or falls 
off soon after the pollination of the flower. In rare instances it is 
persistent, in which case it usually becomes dry and shrivelled, 
as in Heaths and the species of Campanula, when it is said to 
be mareeseent. 

(8) THE SPOROPHYLLS. 

The two whorls of sporophylls have been already termed the 
Andrueeiuin and the Gynsecinm or Pistil respectively. 

Flowers which possess both these whorls 
have been inaccurately called hermaphrodite 
or hisc.rual, a terminology based upon the 
now d'-proved view that the stamens and 
carpels are male and female organs. As we 
shall see later, the sexual organs are developed 
upon the gametophytes to which the spores 
give origin. A better term for such flowers 
is ambisporangiate. When only one whorl 
of sporophylls is present, they are diclinous, 
as in Carer (fig. 829) and Salioc {figs. 214 
and 215). Diclinous flowers may be either 
staminate (figs. 214 and 829) or pistillate 
(fig. 215). In the former case they contain 
only stamens, in the latter only carpels. In 
both a perianth is usually present. When a 
flower possesses neither androecium nor gvn*- 
cinm, as is sometimes the case with the outer 
florets of the capitula of the Composite, it is 
said to be asporangiatc. When the flowers 
are diclinous, both staminate and pistillate 
flowers may be borne upon the same plant, 
as in the Hazel, Oak, and Arum (fig. 201), in which case the 
plant is called monoecious ; or upon different plants of the same 
species, as in the Willows, when the species is termed dioecious. 
In some cases, as in many Palms and in the Pellitory, staminate, 
pistillate, and ambisporangiate flowers are situated upon the 
same individual, and then the plant is called polygamous. 


Fin. 329. 



Fitf. 32l». Stamiuate 
flower of u specie* 
of CtU'rT. The fila¬ 
ments are long ami 
capillary, and the 
anthers pendulous 
atnl innate 
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c. The Andraecinm. 

The androecium is the wliorl or whorls of sporophylis which, 
in a complete flower, is situated between the corolla or peri¬ 
anth on the outside, and the gymecium on the inside. The 
leaves or sporophylis bear the microsporangia, and are termed 
stamens [fig. 384). Each is generally composed of a slender 
portion or stalk, called the filament ; and of a club-shaped 
head, a, called the anther ; this consists of a some or group of 
four microsporangia or pollen-sacs, which 
contain the microspores or pollen-grains. 
In certain cases the anthers are not developed, 
the stamen being then represented by a stami- 
node. This commonly presents a flattened 
appearance, ns in the flowers of the species 
of Canna. When, as is rarely the case, the 
filament is absent, as in the Cuckoo-pint 
(fig. 330), the anther is described as sessile. 

Though the microsporangia are usually 
borne upon sporophylis (stamens), this is 
not without exception. In some arjnatie 
plants, such as the Naiadacea and in some 
tropical trees, they occur upon certain portions of the axis. 
When this is the case, the term stamen is still applied to the 
structure bearing them. 

Before discussing the andrreeium as a whole, it will be well 
to examine the peculiarities of the stamens of which it is com¬ 
posed. Each consists, as we have seen, of a filament and an 
anther, the latter containing the pollen. 

1. Thk Filament. —The filament is usually regarded as 
homologous with the petiole of a leaf. Tts importance consists 
in placing the anther with its sporangia in a position advan¬ 
tageous for the dissemination of the spores or pollen-grainR. 
It consequently varies in form, length, colour, and other par¬ 
ticulars; a few of its more important modifications will be now 
alluded to. , ■ 

Form.—As its name implies, the filament is usually found in the 
form of a cylindrical prolongation whjph generally tapers in an 
almost imperceptible manner from the base to the apex, aR in the 
Bose. Sometimes the filament, instead of supporting the anther in 
the erect position as it usually does, becomes curved, and the anther 
is pendulous as in most Sedges and Brasses (figs. 329 and 331). 
The filament may become enlarged, when it is frequently flattened 


Fro. 330. 



Fig. 330. Stamen 
nf tlic Cuckoo- 
pint (A rust vw- 
ntlalum ), con¬ 

sisting simply of 
nn antlier which 
is sessile upon 
the tbnlmmi-. 
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in various ways. In some cases it is dilated gradually from 
ielow upwards like a club, when it is clavatc or club-shaped, as in 
Thalictrum ; or it is slightly enlarged at the base, and tapers 
upwards to a point like an awl, as in the Flowering Rush (Butomus 
imbellatus) ; in other cases it is flattened at the base, the rest of 
the filament 'assuming its ordinary rounded form, as in Tamarix 
gallica (fig. 332) and species of Campanula ( fig. 333); the whole of 
the filament may be flattened, assuming the appearance of a petal, 
when it is described as jtetaloicl, as in the Water-lily (figs. 276, e, 
and 346), and in Canna and allied plants. 

The filament may be toothed, as in Allium (fig. 334), or forked, as 
in Crambe (fig. 335); or furnished with various appendages, as in 
the Borage (fig. 336, a), in which case it is said to be appendiculate. 

:. Fm. 334. 




Fig. 331. A locusts of Wheat i Trilicum whrum), consisting of several 
flowers, the stamens of which have very long capillary filaments, and 
versatile pendulous anthers. The anthers are notched or forked at each 

extremity, and thus resemble somewhat the hdter i in form.- Fig. 332. 

Three of the stamens of Tamil nr gulimi, will) their fiiamenta flattened 

at the liaae aud united with eneh other.- Fw- 333. Pistil of a species 

of Campanula, with a solitary stamen whose filRment is flattened.- 

Fig. 83't. Dilated toothed filament of a species of Alhum. 

Colour and Direction.—In colour the filaments are generally 
white, but at other times they assume vivid tints like the corolla 
or perianth; in the Spiderwort they are b^ue, in various species of 
Ranunculus and of (Fnothera yellow, in some Poppies black, in 
Fuchsia red, <tc. 

In direction the filaments, and consequently the stamens, are 
either erect, incurred, recurved, jiendulous, &c.: these terms being 
used in their ordinary acceptation. When the filaments are all 
turned towards one side of the flower, as in the Horse-chestnut and 
Amaryllis, they are said to be dcclinate. Generally speaking, their 
direction Is nearly the same from one end of the filament to the 
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other, but in some cases the original direction is departed from in a 
remarkable manner, and the upper part of the filament forms art 
angle more or less obtuse with the lower, in which case it is termed 
geniculate, as in Hahernia. Some confusion may arise from the 
apparent presence of an articulation in the filament, as.in Euphorbia 
(fig. 388, a). In this case the structure is not to be considered as a 
true filament, but as consisting in reality of a flower-stalk supporting 
a single stamen. The flower here, therefore, is reduced to a single 


Fro. 335. 


Fm. 336. 



Fio. 337. 



Fit 7 . 338. Oyuseeinm and andrcecium of Crambe. The longer 

filaments are forked.- Fig. 336. A stamen of the Borage 

i Bora go ojftcinaln). f. Filament, a. Curved appendage to 
(he filament. 1. Anther.— Fig. 337. Corolla of AJyosotu 
or Forget-me-not, laid open. There are five stamens with 
very short filaments attached to the corolla and included 

within its tube- Fig. 338. Stain mate flower of Euphorbia, 

consisting of a solitary stamen, b , without any floral envelopes surrounding 
it, hence it is said to be naked or achlamydeous. The anther is two- 
lobed, and the eonueetive very small, a. Articulation, Indicating the 
point of union of the true filament and peduncle,/;. — Fig. 339. Trans¬ 
verse section of a young anther of A'eotfin ptctu. From Schlelden. 
a Back of the anther to which the connective is attached. B, B. The 
two lobes of the anther. «. Vascular bundle of the connective, t/, d, d, d. 

The four microsporangia or pollen-sacs. , 

stamen* all the parts except the latter being abortive. This is prbved 
by the occasional production in some allied plants of one or more 
whorls of floral envelopes at the point^?here *be joint is situated. 
In the Pellitory (Parietaria) the filament assumes a spiral direction. 

Duration .—The filament usually falls off from the thalamus soon 
after the flower open*,*>r is deciduous ; but in rare cases, as in the 
species of Campanula ?*it is persistent, and remains attached to the 
ovary in a withered condition. 
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2. The Anthkh.—T he anther in essentially a duster or. 
floras of microsporangia, the latter being coherent together. 
The number of the sporangia varies in different families ; there 
are many in sOme of the Cycads, two in the genus Pinus, and 
usually four in the Angiosperms. Tho sorus is not covered by 
any indusium as in the Ferns, though this structure is repre¬ 
sented in the young anthers of the Cupressinea- by a slight out¬ 
growth from tho surface of the sporophyll. The sporangia 
being coherent together, the anther has usually a somewhat 
swollen appearance. Their disposition enables us to observe 
in a transverse section two parallel lobes, n, b, separated by a 
portion. A, a, called the connective, to which the filament is 
attached. Each lobe shows the cavities of two microsporangia, 
ft, d, d, d, separated by a septum which passes from the con¬ 
nective to the walls of the anther. The inierosporangia contain 
tho pollen-grains or microspores. The anthers of Angiosperms 
in an early stage of development possess four inierosporangia, 
and this is considered the normal state. 

When a fully developed anther exhibits a similar structure, as in 
the Flowering Rush, it is four-celled or qnadrilocnlar (tigs. 340, b, 
and 361, I ); when, as is far more commonly the case, the partitions 
separating the two sporangia of each anther-lobe become absorbed, 
it is two-celled or bilocular (Jig. 300). In rare cases the anther is 
unilocular, or onc-celled, as in the Mallow (fig. 359), Milkwort (fig. 
341), and Lady’s Mantle (fig. 342); this arises either from the 
abortion of one lobe of the anther and the absorption of the septum 
between the two sporangia of the lobe that is left, or from the 
destruction of the partition wall of the two lobes as well as of the 
septa between the sporangia of eacli lobe. In many species of Salvia, 
the connective becomes elongated into a kind of stalk, each end of 
which bears an anther-lobe (Jig. 343). When this occurs one lobe 
only, If, contains pollen ; the other, Is, is sterile. That surface of 
the anther to which the connective is attached is called the back 
(fig. 339, a), and the opposite surface, n, b, is the face. The latter 
always presents a more or less grooved appearance (figs. 339 and 
344, c), indicating tlte line of junction of the two lobes. Each 
lota? also commonly presents a more or less evident furrow 
(fig. 344, b), indicating the point at which the mature anther will 
open to discharge th$ pollen; this furrow is termed the suture. By 
these furrows the face of the anther may he generally distinguished 
from the back, which is commonly smooth (fig. 339, a), and has 
moreover the filament attached to it. The face is generally turned 
towards the gympeium or oentre of the flower, as in the Water-lily 
(fig. 346), Vine (fig. 344), and Tulip (fig. 147), in which case the 
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anther is called introrae ; but in Home instances, as in the Iris and 
Meadow Saffron (fig. 345), the face is directed towards the petals o# 
circumference of the dower, when the anther is said to be extrorsp. 




/Vi/, a40. Four-celled anther of the Flowing Kn*h ( ft atom it* niuhellalu*). 

a. Filament bearing an entire anti ter. b. Section of the anther with its 
four cells.— —Fig. 341. Andrcecium of Milkwort. (Pol again), with eight one- 

relled anthers! dehiscing at their apex.- Fig. 342. One of tin* stamens of 

the Lady’s Mantle ( Alchemilla ). The anther is one-c.elled, and dehisce* 

transversely.- Fig. 843. Stamen of the Sage (Salria). f Filament. 

c. Elongated connective, separating the two lobes of the anther, one of 

whicli. If, produces pollen, while the other, h, is sterile.- Fig. 344. The 

audrcBcinm and gyntrotum of the Vine (VitU rinitrra). o. Anther.* 
r. Furrow in its face which is turned towards the pistil or gyntBciura? 

b. Suture or line of dehiscence. The anther is introrse.- Fig' 345. The 

I«rianth cut open, showing the stamen*, of the Meadow Saffron (CoJrMcvm 
autumnal*-), with ertrorse anthers. 

Attachment of the Filament to the Antlwr .—The mode in which 
the anther is attached to the filament varies in different plants, but 
is always constant in the same species, and frequently throughout 
entire Natural Orders, and hence the characters afforded by such 
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difference!* are important in systematic botany. There are three 
njpdes of attachment, which are distinguished by special names. 
1st, the anther if* said to be adnate or dorsifired when its back is 
attached throughout its whole length to the filament, or to its con¬ 
tinuation the connective, as in the Magnolia ( fig. 350) and Water- 
lily (fig. 346); 2nd, it is innate or basilixed when the filament is only 
attached to its base, and firmly adherent, as in the species ol Carer 
(fig. 329); 3rd, it is versatile, when the filament is only attached by 
a point to about the middle of the back of the connective, so that the 
anther swings upon it, as in Grasses generally (Jig. 331), and in the 
Lily, Evening Primrose, and Meadow Saffron. 

Connective .—The relations of the anther to the filament, as well 
as of its lobes to each other, are much influenced by the appearance 


Fjo. 346. 


Fin. 347. 



/'tV- 340 . A {MH-tion nf the* llntter ,,f till- White Water-UU ( Vviiip/nta iilt.tn. 
showing the gymrrlum invested by a large tle?liy disc which is pro¬ 
longed from the thalamus. Below the pi«til are some stamens which have 
lietaloid filaments and adnate mtrorsp anthers; two petals are shown, 
the others having been removed.— Fig. 317. Gynreeium and nndracium 
of the Tulip. The stamens a and r< have mtrorsp anthers, which dehisce 
longitudinally. 


and size of the connective. In all adnate anthers the connective 
is large, and the lobes generally more or less parallel to each other 
throughout their whole length (Jig. 350). In other cases the con¬ 
nective is very small, or altogether wanting, as in species of Euphorbia 
(jig. 848), so that the lobes of the anther are then immediately in 
contact at their base.. In the Lime the connective completely 
sepai^tes the two lobes of the anther (Jig.*349). In the Sage and 
other species of Salvia the connective fonns a long stalk-like body 
placed horizontally on the tqp of the filament; one end of it bears 
an anther-lobe, If, containing pollen, the other merely a petaloid 
plate or abortive anther-lobe, U (fig. 343); it is then said to be <2is- 
tractile. Sometimes the connective is prolonged beyond the lobes ol 
the anther; either as a little rounded or tapering expansion, as in 
the .Magnolia (fig. 350), or as a long feathery process, as in the 
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Oleander (fig. 352), or in various other ways. At other times, again, 
it is prolonged downwards and backwards as a kind of spur, as jn 


Fio. 348. Fio. 349. Fio. 350. 


Fin. 351. Fio. 352. 



Fig. 348. A male naked flower of a species of Euphorbia , allowing 
the two lobes of the anther, and the almost total absence ol 

the connective.- Fig. 349. A stamen of the Lime (Tilin'). 

showing the large connective separating the lobes of the anther. 
-— Fig. 350. A view of the inner faee of a stamen of Magnolia 
t/hiuca , showing the atlnate anther and prolonged connective. 

- Fig. 351. Two stamens of the Pansy ( Viola tricolor). 

The connective of one of them is prolonged downwards in the 
form of a spur.- Fig. 352. Sagittate anther-lobes of the Olean¬ 

der < Xerium oleander ), and the prolonged feathery connective. 



the Pansy (Jig. 351). Anthers with such appendages are termed 
appendiculate. 

The lobes of the anther also, like the connective, frequently 
present appendages of various kinds. In Eiica cinerea they have a 


Fig. 353. Fig. 354. Fig. 355. 



Fig. 353. A stamen of a species of Aralup/ia in n \omig state. /. Filament. 

/. Linear anther-lobes.- tig. 354. A staiueu of Mercurialit annua. 

/. Filament, r. Connective. /, 1. ltoundfd anther-lobes dehiscing longi¬ 
tudinally.- Fig. 355. The linear and sinuous antber-lobes, /, attached to 

the filament,/, of the common Tlryony ( Bi'yonia dioira). 


flattened leafy body at their base (Jig. 350, a) ; at other times the 
surface of the anther presents projections in the form of pointed 
bodies (Jig. 357, a), as in Vaccimum uliginosum ) or warts, &c. Such 
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anthers, like those which present appendages from the connective, 
age termed apjnmdiculale. 

Dehiscence of the Anther .—When the anthers are perfectly 
ripe the pollen-sacs or miBcrosporangia open and discharge 
their contained pollen (fit/. 359); this act is called the dehiscence 
of the anther. Dehiscence commonly takes place in the line of 
the sutures (fig. 344, h ), and at the period when the flower is 
fully expanded; at other times, however, the anthers burst 
before the flower opens. All the anthers may open at the same 
period, or in succession ; and in the latter case the dehiscence 
may either commence with the outer stamens, as is usually the 
case, or rarely with the i. 

Flo. 350. 


I 


t'ly. 366. Appendiculute anther attached t<> filament, j, uf the i'me-leated 
Heath {Frtca cmerca). «. Appendage. 1. Unties, i. I .literal short slit 
where dehiscence hikes place.— Ft//. 357. Bifurcate anther of Vammmn 
ulitjinosum attached to Itlameiit, j. (. Anther-lobes, n. Appendages. 

p. Points of ttie ftllther-lohet- tthete dehlseence takes place. - Fl'i. 3- r iH, 

Quadnfureate anther of O'anlt/iei ut p/ucumbot/, attached to filament, t. 
I. Anther-lobes. 




The dehiscence of the anther may take place in four different 
ways, which are respectively called: 1. Longitudinal ; 2. Trans¬ 
verse ; 3. Porous ; 4. Valvular. 

1. Longitudinal orjSutural. —This, the usual mode of dehiscence, 
consists in the opening of each anther-lobe front the base to the apex 
in a longitudinal direction along the line of suture, as in the Vine 
(fig. 344, c) and Tulip (Jig. !i!7). 

2. TravUversc .—This kind of dehiscence occurs in unilocular 
anthers, as in those of Alchemilla (fig. 342), Lemna, and Lavandula. 
It sometimes happens that by the enlargement of the connective the 
loculus of a one-celled anther is placed horizontally instead of 
vertically, in which case the dehisoence when it takes place in the 
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line of the suture is apparently transverse, although it is really 
longitudinal. An example of this kind of dehiscence is afforded fcy 
the Mallow and other plants belonging to the Natural Order MalvaceiC 
(jiy. 359). 

3. j Porous or Apical. “ This is a mere modification of longitudinal 
dehiscence. It is formed by the splitting down of the anther-lobes 
being arrested at an early period so as only to produce pores or short 
slits. In such anthers there is commonly no trace of the sutures to 
be seen externally. The pores or slits may be situated either at the 
apex, as in the species of Sokinitn* (Jiy. 363) and Milkwort (jig. 341) ; 
or laterally, as in the Heaths (tig. 35(1, r). There may be either two 

l'To. 351). 



Fig. 359. stamen of tlie ^fallow i Malta}, the anther of whirl) hat an appa¬ 
rently transverse dehiscence.- Fig. 360. Two-celled anther of I’yiohi 

rotundifolia , suspended from the filament, f. I. Loeuli, each opening by 

a pore, p. - Fig. 351. Quadriloeular anther ot Fontnlhera , attached to 

fllament,.i. /. Loculi, each opening by a pote, p. Fig. 362. Anther of 
Tutraiherajimceifi opening by a single pore at the apex. There liguicx die 

from Jussieu.- Fig. 363. Anther-lobes of a spooler of Solautuit , each 

opening by a )wrc at the aiie.x. 


pores, as is usually the case (jig. 360, ;>), or four, as iu Foranthcra 
(jig. 361, p), or many, as in the Mistletop, oronlyoue, as in Tetratheca 
iuncea (jig. 362). 

4. Valvular .-—This term is applied when the whole or portions 
of the face of the anther open like trap doors, which are attached at 
the top and turn back as if on a hinge. In the Barberry (jig. 364) 
there are two such valves ; in plants belonging to the Laurel family 
(lig. 365) there are two oi four, according to the number of the loculi 
of the anther. 


AVe may now consider the andruecium as a whi^a from the 
point of view of the relations of the stamens to each other, and 
to the other whorls of the flower, noting the following points:— 
1. Number; 2. Insertion or Position; 3. Union or Cohesion; 
4. Relative. Length. 
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1. Number .—The number of the stamens is subject to con¬ 
siderable variation ; normally they are equal in number to the 
sepals and petals, the flower being isostemonous ; sometimes 
they are twice as numerous (diploatcmonous). The number 
may, however, bear no exact relation to the number of the 
perianth leaves, the irregularity being due to various causes 
which will be discussed later. 

When the stamens are free their number is expressed by the 
Greek numerals prefixed to the termination -aiulroua ; a flower 
having one stamen is monandruus, one with two, diandrous, and 
so on. 

2. Insertion or Position or Adhesion .—When the stamens 
are free from the calyx and pistil, and arise from the thalamus 


Put. 364. 



Fit:. 361 Anther of Barberry (Berbens 
lulgaru), opemne by two valves. 
Fig. 366. Stamen ol a species of 
I.nurus. f. Filament, with two 
elands, g. <j, at its base. t.t. Loculi, 
of which there are lour. r. Valve.-. 


Plo. 365. 



beiow the latter organ, as in the Barberry (//;/. 398) and Crow¬ 
foot (Jig. 866), they are said to be hypogynou*; this is their 
normal position. When the stamens are attached to the corolla, 
as in the Primrose (Jig. 367), they are epipctaluus. When they 
apparently adhere to the vcceptacular tube, so that their posi¬ 
tion becomes somewhflt lateral to the pistil instead of below it, 
as in*the Cherry (fig. 368), they as well as the corolla are said to 
be periyynous. When the thalamus or the calyx is adherent to 
the ovary, so that the calyx*appears to arise from its apex, the 
intermediate stamens and petals or corolla are also necessarily 
placed on the summit, and are said to be epigynous, as in the 
species of Campanula (fig. 869) and Ivy. It sometimes happens 
that the stamens not only adhere to the ovary or lower part of 
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the pistil, as in the epigynous form of insertion, but the upper 
part of the stamen or Btamens and that of the pistil become com¬ 
pletely united also, and thus form a column in the centre of the 
flower, as in Orchis (Jiy. 370) and Arialolochiu (Jiy. 371); this 
column k then termed the yynostemium, and the flowers arc 
said to be tjynandnnts. 

3. Union or Cohesion .—When the stamens are perfectly free 
and separate from each other, as in the Vine (Jiy. 344), they are, 
said to be free or polyandrous ; they may, however, be united 
by either their filaments or their anthers. 

When the anthers are united, the stamens are termed syn- 
yeucsious or synnnthcrous (Jiy. 372). This union occurs ill all 


Fiu. 360. 



l'lo. 367. 



Fm. 36S. 



Fig. 366. Apocarpous pistil of the Crowfoot ( lianunculas ), with two stamens 
arising from the thalamus below it. or hypogynous.— Fig. 367. Vertical 
section of a flower of the Primrose (Primula), showing epipetulous stamen-. 
The pi-til in the centre lias an ovary with a free central placenta, one at,} lc, 
and a capitate stigma.— Fig. 3tiS. Vertical section of the flower of tlic 
(flierry, showing the pengyuous. stamens surrounding the pistil. 


the Composite, the Lobelia, and in some other plants. When the 
anthers are thus united the filaments arc commonly, though not 
always, distinct. When cohesion occurs in the staminal whorl, 
however, it is more usual to see the filaments united, and the 
anthers free. This union by the filaments may gather them into 
one or more bundles, Jthe number being ^expressed by a Greek 
numeral prefixed to the termination -aclelphous. When all the 
filaments unite together and form one bundle, as in the Mallow 
(Jiy. 378) and "Wood Sorrel (Jiy. 37%), the stamens are said to 
be monadelyhoas. When such a union takes place in a 
complete flower, the coherent filaments necessarily form a 
tube or ring round the pistil placed in their centre, as in the 
Wood Sorrel (Jig. 874); when the pistil is absent, and the 
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flower therefore incomplete, the united lilatuents form a more 
(>i t lean eentral column, aa in Jatropha Curran (Jig. 875, a). 


Fra. .809. 


Fra. 870. 


Fra. 371. 


Fiji. 5MW. Vertical soot ion of the flower of a species of Campanula, with epi- 

gynous stamens.- Fig. 370. Flower of Oichi.s iua.mila. The column in 

the centre is formal by the union of the stamens and style.- - -Fiji. 371. 
The pistil and stamens of Thrthwort (Anxtoloehia ). The ovary is <een 
below, and the stamens above united into a column with the style. 


When the filaments unite so as to form two bundles, the 
stamens are termed ilindelphnus, us m the Pea (Jig. 876), 


Fra. 379. ’ Fra. 373. 


Fra. 374. 


■■ :4 t> 1 


EOT r m 


Fm. 875. 


Fly* 372. Syngenesioua anthers of a species ot Thiath -1 vurduus). - Fig. 373. 

Monadelplious stamens of a species of Mallow(d/o/m ). - Fig. 374. Moua- 

delphous stamens of Wood Sorrel (Oralis), forming a tube round the pistil. 
Fig, 375. Male flower of Jatropha Curcai. c. Calyx, p. Corolla, e. Sta¬ 
mens united by their filaments into a tube, a, which occupies the centre 
of the flower, as there is no pistil. 


Milkwort {fig, 341), and Fumitory; the filaments in each 
bundle may be equal in number, as in the Milkwort (fiy . 841) 
VOL. I. N 
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anti Fumitory; or unequal, as in the Sweet I’ea (fig. ."761, 
where there are ten stamens, the filaments of nine of them 
being united to form one bundle, while the other filament 
remains free. The bundle in this ease is made up of five 
stamen s%elonging to one whorl and four belonging to the other, 
the andrcecium in the Pea family being composed of two whorls 
with five stamens in each. When the stamens are united by 
their filaments into three bundles, they are triadrlphotte, as in 
most species of St. John’s Wort, (fig. 878); and when in more 
than three, poh/adelphone, as in the Orange (fig. 377). 

The union of the filaments in the above cases may either be more 
or less complete, extending over their whole length, and thus form¬ 
ing a tubular column round the style or styles, as in the Mallow 

Pin. 377. 



rig. 370. Dindelplimis ctnmen* of tlio Sweet Pea (/.nlhiini j nitnmtui). sur¬ 
rounding the simple pi-til. There ore ten stamens, nine of whioh nre 

nutted mul one free.-7Y,/. :!77. Ptower of the Orange divested of it« 

corolla, to show the polyadelphous stamens. 

(fig. 373) and Wood Sorrel (fig. 374); or the union may only take 
place at the base, as in Tamanx gallica (fig. 332). The bundle 
or bundles, again, may be either unbranched, as in the Wood Sorrel 
(fig. 374) ; or branched, as in the Milkwort (fig. 341) and Castor-oil 
Plant (fig. 3751). When the united filaments form a tube or column, 
the term ctndropliore has been applied to such a structure, ns in the 
Mallow (fig. 373) and Wood Son-el fig. 374). 

4. Relative Length.—There are two separate subjects, to be 
treated of here, namely, the relative length of the stamens with 
respect to the corolla ; and their length with respect to each other. 
When the stamens are shorter "than the tube of the corolla, so as to 
be enclosed within it, as in the Forget-me-not (fig. 337), they are said 
to be included ; and when they are longer than the tube of the 
corolla, so as to extend beyond it, as in the Valerians (fgs. 321 and 
380), they are exserted or protruding. 
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The relative length of the stamens with respect to each other 
presents several peculiarities. Sometimes all the stamens of the 
flower are nearly of the same length, while at other times they are 
very unequal. This inequality may be altogether irregular, following 
no definite rule, or take place in a definite and regular manner; 
when the flowers are polystemonous, the stamens nearest the centre 
may be longer than those at the circumference, as in Luhea panic n- 
lata (fig. 381) ; or the reverse may be the case, as in many of the 
Itosacece. In the case of diplostemonous flowers, such as the Willow- 
Herb (Epilobivm), the stamens alternating with the petals are almost 
always longer than those opposite to them. When the stamens are 
of two different lengths in different flowers of the same species, as in 


Fin. 378. 




Fin. 37S. Tlie pistil, n, of Jiiipcrlcitm icgiiptutcnm , surrounded by the sta¬ 
mens. e, e. which are united by their filaments,/./, into three bundlea.— - 
Fig. 379. One ol the branched bundles of stamens of the CaBtor-oii Plant 

((acinus cominuniK). /. United filaments.-/tg. 380. Flower of a species 

of Valerian ( Valeriana), showing the stamens prolonged beyond the tnbe 
of the eorollR. exserted. The corolla is glbbona Rt the base. 


the Primrose, the latter are said to be dimorphic. This condition 
will be afterwards alluded to in speaking of fertilisation. 

When there is a definite relation existing between the long and 
short stamens with respect to number, certain names are applied to 
indicate such forms of regularity. In the Wallflower (fig. 382), and 
other members of the Crucifera, there are six stamens to the flower, 
of which four are long and arranged in pairs opposite to each other ; 
alternating with these pairs ari two solitary shorter ones ; to such an 
arrangement we apply the term Mradynamous. When there are but 
four stamens, of which two are long and two short, as in the members 
of the Labiates (figs. 311 and 313), and in the Foxglove (fig. 388), 
and most other plants of the Natural Order Scrophulariacece , they 
are said to be didynamous. 

n 2 
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3. Thk Pollen. —The pollen consists of microscopic cells 
which correspond to the microspores of the higher Cryptogams. 
They possess two coats, known as the extine and the intinc. In 
rare cases the outer coat appears to consist of two, or even 
three, layers; while in 2 oat era, Zannicbellia, and some other 
submersed aquatic plants, there is but one membrane, which is 
of a similar nature to the intine. 

The inline is the innermost layer, and appears to be of the same 
nature and appearance in all pollen-grains. It is usually smooth, 
very delicate, and transparent, and is composed of unchanged 
cellulose. 

The extine is a hard thick resisting layer, and is liable to great 
variation; it is sometimes smooth, at other times marked with little 


Fin. 381. Fm. 38‘2. Fin. 383. 



fig. 381. One of the bundles of stamen* of Luhea panicuhtta ; the innei 
stamen* on the right are longer than the others, and are provided with 

anthers: the shorter stamens are generally sterile.- Fig. 382. Tetra- 

dynamous stamens of the Wallflower (Chnranthus Cheiri ).- F\a. 383. 

Didynamoua stamen* of the Foxglove (Digilaln purpurea). 

granular processes, or spiny protuberances (fig. 384), or reticulations 
(fig. 388). The nature of these markings is always the same for 
the pollen of any particular species or variety of plant, but varies 
much in that of different plants. The eitine is often covered by 
a viscid or oily secretion. The colour of pollen-grains is fsund in 
the extine. In by far the majority of eases they are yellow, but 
various other colours are also occasionally found; they are red in 
species of Verbascmn, blue in some species of Epitobium, black in 
the Tulip, rarely green, and occasionally of a whitish tint. 

Besides the various markings just described as existing on the 
extine, we find also either pores (fig. 387) or slits (figs. 386, /, and 
380,/), or both pores and slits, which vary in number and arrange- 
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ment in different plants. In the greater number of Monocotyledons 
th|re is but one slit; while three is a common number in Dicotyledons. 
Sometimes there are six, rarely four, still more rarely two, and in 
Borne cases we find twelve or more slits. These slits are generally 
straight (fig. 385,/), but in Mimulus moschatus they are curved. 
Other still more complex arrangements occasionally occur. 

Fig. 384. Fig. 385. Fio. 38(i. Fio. 387 



Fitf.U 68. Polleu of the Passlou-tiower (Partition t), before bursting, o, <>, o. 

Lid-like processes.- Fig. 389. Pollen of the Gourd, at the period of 

bursting, o, o. Lid-liko processes of the extiue protruded by the projec- 

tloiiK, t , t, of the intlne. From Jussieu. - Fig. 390. Trigonal pollen of the 

Evening Primrose ((Fnqfhera biennis). 


Gourd (jUj. 389). These processes ( Jiy. 389, o, o) are pushed off by 
corresponding projections of the intinc, I, t, when the pollen germi¬ 
nates ; hence such pollen-grains have been termed aperculate. In 
the pollen-grains of some of the Firs, the extine is expanded 
on two sides to form two curious bladder-like protuberances 
(fig. 391). 

The pollen-grains are usually free in the loculi of the anther. 
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Sometimes, though rarely, they adhere to a greater or less extent 
to each other. We have groups of four in I'eriploca grccca, ei^it 
in Inga a noma la; or some higher multiple of four, as in many 
species of Acacia. In the Onagraccce , the pollen-grains are loosely 
connected by long viscid filaments or threads ; while in the Orchid- 
acca those of each pollen-sac cohere together and form pollen- 
masses, to which the name of pollinia has been giveu (Jig. 892, p). 
In the Asclepiadaccte somewhat similar masses occur (tig. 393, 

Fio. 391. 



/'iff. 391. A. i’ollen-grau] of /'ran e.icelta. -Sowing commencement nl 
germination, if, if. The wing#. 1. The large vegetative cell: it- proto- 
plasm is contracted: its nucleus; 2, 3, the two collapsed cells ; 4 and t, 

the Htalk cell and generative cell not yet completely divided from one 
another. B. A. little older grain, showing- germination a little furthei 
advanced and the pollou-tube beginning to appear as an outgrowth of the 
largo cell, 1. Lettering as before, c. More advanced stage, showing only 
upper part of the pollen-tube. The generative ceil, 6, lias divided into 
two, eaeli with a very- large lindens, x 240. After Strasbiirger. 

p and b) ; but in the latter the whole surfage of each pollen-mass is 
invested by a special (fevering. By a careful examination of, these 
pollinia we find that they are formed of definite masses agglutinated 
together, and, when separated, each ^>f these masses is found to 
consist of four pollen-grains. In the pollinia of the Orcliidaceic we 
also find other peculiarities; each is prolonged downwards in the 
form of a stalk called the caudicle (Jig. 392, c), which adheres 
commonly at the period of dehiscence to one or two little glandular 
masses oalled retinacula (figs. 394, a, and 392, r, r). These are 
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placed on the upper surface of a little projection called the rostellum, 
^tuated at the base of the anther. 

Pollen-grains are found of various shapes. The most common 
forms appear to be the spherical (fig. 384) and ovoid (Jig. 385); in 
other cases they are polyhedral, as in Chicory (Cichorium Intybus) 
and Sunchus palustris, or triangular with the angles rounded and 
enlarged (trigonal), as in the Evening Primrose ((Enothem biennis) 
and other plants of the order Onagraauc (fig. 390), or cubical as 
in Basella alba, or cylindrical as in Tradescantia virginica, while 
in Zostera they are thread-like or of the form of a lengthened tube 
or a cylinder; other shapes also occur. The form of the pollen is 
materially influenced by differences of dryness or dampness. The 


Flu. 392. Fm. 393. I'm. 391. 



/'/./. 39:1. Pulliam, p. of a species of Orchis with their caudiclen, c, udheruig 

to the retinacula, /■, r — ./'if/. 393. f'l.til of a of Axclepias, with 

the polHuta, p, adhering to the stigma, ... h. Pollen-masses separated. 

Fuj. 394. Upper part of tiie flower of an Orchis, showing the polluna 
adhering to the column by the retinacula, ft. 

pollen-grains of the Purple Loosestrife yLythrum Salicana) and 
some species of Passion-flower are ovoid when dry, but when placed 
in water they swell and become nearly globular. Again, when 
spherical pollen-grains are exposed to the air for some time they 
frequently assume a more or less ovoid form. 

In size, pollen-graifls vary from about to of an inch in 
diameter; their size, however, like their form, is liable to vary 
as they are examined in a dry state or in water. 

d. The Gynaicium or Pistil. 

The gyntreium, or pistil, consisting of a variable number of 
constituent sporophyils, or carpets, occupies the centre of the 
flower, the androecium and floral envelopes being arranged 
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around it when they are present; the floral envelopes alone 
surround it in the ordinary pistillate flower; while it stands 
alone when the flower is pistillate and naked. Its sporophylls 
are much more frequently united together than those of the 
andreecium, so that a compound ovary is of very common 
occurrence ( figs. 367, 397). 

Fig. 396. Fiu. 390. Flu. 397. 



Fin- 395. Pistil of Primro*e ( Fruntilo vul>j(uis) y composed of hcverul united 
carpels, and lienee termed compound anil synoarpous. There m hut one 
style, which is surmounted by u capitate stigma. — Fin. 396. Simple 

pistil of Broom, o. Ovary. *. Style, /. Stigmu.- Fin. 397. Compound 

lyncarpous pistil of Tobacco (Mcotuina Tabucum). /.Thalamus, o. Ovary. 

x. Style, p. Capitate stigma.- Fin. 398. Vertical section of the ovary of 

the Barberry (lie) befit vulyatis), on the outside of wliieli are seen a stamen, 
dehiscing by two valves, and a petal, o. Ovary, or. Ovules attached to a 

projection called the placenta, p. */. Sessile stigma.- Fin. 399. Vertical 

section of the flower 14 ? the Pteony (Fceonui). *1*. Dorsal suture of tin* 
ovary, rs. Ventral suture. ' 

When there is but one carpel, as in the Pea {fly. 406), Broom 
{Jig. 396), and other members of the Legmnmosce, the pistil is said to 
be simple; when there is more than one, it is described as compound, 
whether they are distinct from each other, as in the Crowfoot 
(jig. 366), or combined into one body, asm the Tobarcn (jig. 397) and 
Primrose (fig. 367). 
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Each carpel consists typically of three parts: 1st, of a hollow 
#inferior portion called the ovary (Jig. 898, o), containing one- 
or more little somewhat roundish or oval bodies called ovules (or) 
or megasporangia, which are attached to a projection on the 
walls termed the placenta, p ; 2nd, of an apical sticky portion 
called the stigma ; 8rd, of an elongated stalk rising from the 
ovary, and Rearing the stigma. This is called the style. In 
some cases it is not developed, and the stigma is said to be 
sessile. The terms ovary, style, and stigma are applied in 


Fig. 400. Eio. 401. Fio. 402. Fig. 408. 


Fig. 404. 



h'i't. HK». A portion of tlx; pistil of Ihtphit? hi areola, o. Summit of the 
ovary, f. Style terminated by a stigma, a. - -Fig. 401. A portion of the 
pistil of riant ago muuttlti. a. Summit of the ovary. /. Style. s, *. lb- 
lateral Btigmu. Tlie above figures are lroin Jussieu.- />>/. 402. 1’ibtil of 
the Periwinkle ( Vinca), v. Ovary, t. Style. *. Hairy stigma, d. Disc. 
/■’I}/. 403. Ventral view of the pistil of hopgrum bite malum, showing the 
double stlgnm. ftj. 404. Pistil of Wheat (Tntirum sativum ) surrounded 
by three stamens and three squamula*, tjt. Two feathery styles or stigmas 
arise from the top of the ovary. 


precisely the same sense, when speaking of a compound pistil in 
which the parts are* completely united^/tyx. 367, 395, 397), as 
in ihe case of a simple carpel. The monocarpellary ovary has 
two sutures, one which corresponds to the union of the margins 
of the lamina of the carpellary leaf, and is turned towards the 
axis of the plant; and another which corresponds to the midrib of 
the lamina, and is directed towards the floral envelopes or the 
circumference of the flower; the former is called the ventral 
(fig. 399, vs), the latter the dorsal (ds) suture. 
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When the gymecium is formed of but one carpel, as m the 
Broom {Jig. 666) and Pea (Jig. 406), it is, as we have already, 
seen, called simple, and the terms ggmecium, or pistil, and 
carpel are then synonymous; when there is more than one 
carpel, the pistil or gymecium is termed compound (Jigs. 395 
and 410). In a compound pistil, again, the carpels may be 
either separate from each other, as in the Stoneerop (Jig. 284) 
and Pheasant’s-eye (Jig. 410); or united into one body, as in 
the Primrose (Jig. 895), Carnation (Jig. 406), and Tobacco (Jig. 
397): in the former case the pistil is said to be apocarpous, in 
the latter syncarpous. The number of carpels of which the 
pistil is composed is expressed by a Crock numeral prefixed to 


Bio. 1U5. 



Bio. 406. 



/->;/. 4U5. I'istil of Dmnthus • 'u i yophyHu •. 
on a stalk, //, railed the pyuopiioie. 
l'dow which is the peduncle. Un the 
top of the ovary are two styles, tin 
face of each of which is traversed l>\ 
a continuous stigmatie surface.— 
Fit/. 4UG. Pistil of Lnthyni s ot/onifus, 
o. Ovary, c. Persistent eulyx. On 
the top of the ovary is the style and 
stiginu, shy. 


the termination -gynuus; and the llower receives corresponding 
names accordingly. A flower with one carpel is moiwgynotts ; 
with two, diyynous h and so on. 

1. Apocarpous Pistil. —An apocarpous pistil may consist of 
one or more carpels, and they may be arranged in various wa>s. 
When there are but two, they are always placed opposite to 
each other; when tiler# are more than tWo, and the number 
coincides with that of the sepals or petals, they are usually 
opposite to the latter; it is rare, however, to find the carpels 
corresponding in number to the sepals or petals; they are 
generally fewer or more numerous. The carpels may either be 
arranged in one whorl, as in the Stoneerop (fig. 2H4), or in 
several whorls alternating with each other, or they may form 
a more or less spiral arrangement upon the thalamus. 
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When an apocarpous pistil is thus found with several rows of 
, carpels, the thalamus, instead of having a nearly flattened top, as is- 
usually the case when the number of carpels is small, frequently 
assumes other forms; In the Magnolia and Tulip-tree, it becomes 
cylindrical (fig. 407); in the Raspberry (fig. 409, l) and Banunculm 
(lig. 306) conical; in the Strawberry (fig. 408) hemispherical; 
while in the Rose (Jig. 285, r. /■) it is hollowed out like a cup, or urn, 
and has the carpels arranged upon its inner surface. These varying 
conditions of the thalamus necessarily lead to corresponding altera¬ 
tions in the mutual relation of the different carpels which compose 
an apocarpous pistil, and modify very materially the appearance of 
different flowers. 


I'm. 407. Pm. 408. Pro. 409. 



f'u/. 41 . Central part ot flic flower ot tile Tulip-tree ( Linnih'llilrun lullpi- 
•il. The tliuluuuli-, a, i„ more or le-e cylindrical, c, r. Carpels. 

eii-.- fij. 1U8. Section ot the flower of the strawberry. The 

thalliums is nearly hemispherical, and bears a imitilier of separate carpels oil 
its upper portion.™ b'vj. 4U9. Section o[ the i ipe pistil of tlio liaspberry, 
showing the conical thalalmia ,!. 

2, Syiiearjjotui Pistil. —We buve already seen, in speaking 
of the floral envelopes and andruechun, that the different parts 
of which these whorls are respectively composed may be distinct 
from each other, or more or less united. .From the position of 
the carpels with respect to one another, and from their nature, 
the latter are more frequently united than any other parts of the 
flower. This union may take place either partially, or entirely, 
and it may commlnce at the summit, or at the base of the 
carpels. In the former case, as in Xanthoxylon fraxineiim 
(fig. 411), the carpels are united by their stigmas only; in Die- 
tamnun Fraxinella (fig. ^27) the upper parts of their styles are 
united; while in the Labiatcc (fig. 412, s), and most Boraginaeeui 
(fig. 413, (l ), the whole of the styles are united. In all these 
cases the ovaries are distinct, and in mauy Boraginacecr the 
stigmas also; but in all Labiater the stigmas are distinct. 
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It is far more usual to find the carpels united by their 
lower portions or ovaries, and this union also may take place 
to various extents. In the Hue (Jig. 414, or) the union only 
takes place at the base of the ovaries, the upper parts remaining 
distinct, in which case the ovary is commonly described as 
lobed. In Ditinthua (fig. 405) the ovaries are completely 
united, the styles being distinct; while in the Primrose (fig. 
867) the ovaries, styles, and stigmas are all united. When two 
or more ovaries are thus completely united so as to form one 
body, the organ resulting from their union is called a compou nd 
or polycarpcllary ovary. 

Fio. 410. Fio. 411. Fig. 412. Fw. 418. 



Fig. 41b. Apix-urpouo pistil of the I’hcftsantV-e)c (Arfc/itf).- tig. 411 

Pistil of Xanthoxylov frtnlncnm Hipported ou a gynophorc, 7 . The 

ovaries, 0 , and styles are distinct, Init the stigmas ,«, are united.- Ftg. 

412. Pistil of Horehound (.Uurrubimn vulgarfi), a Labiate plant. It*- 
ovaries, ot\ are distinct, the styles, x, being united, and the stigmas distinct. 

Fig. 413. Pistil of Myosofix, a Bumginaceous plant, op. Distinct ovaries. 

<(. United styles. 

Pulycarpellary Omny. —The compound ovary formed as 
just stated may cither have as many cavities separated by par¬ 
titions as there are component carpels, or it may have only one 
cavity. These differences have an important influence upon 
the attachment of the ovules, as will be seen later when speaking 
of placentation. If we qpusider three free "carpels placed as in 
fig. 415, a, each of these possesses a single cavity corresponding 
to its ovary, so that if we make a transverse section of the 
whole ( fig. 415, 6), we necessarily haVe three cavities, each of 
\\ hich is separated from those adjoining it by two walls, one being 
formed by the side of its own ovary and the other by that of the 
one next to it. But if these three carpels, instead of being 
distinct, are united by their ovaries, as in fig. 416, n, so as to form 



Moiuiioi.ndv of nKPUonrrTiVK owsaxs i89 

. lhlI1 gl 0 ,,vavy, the latter must necessarily also hate as many 
cavities as there are component carpels, b, and each cavity must 
be separated from those adjoining it by a wall which is called n 
dissepiment or partition. Each dissepiment must be also com¬ 
posed of the united sides of the two adjoining ovaries, and be 
consequently double. 

In the normal arrangement, of the parts of the ovary, it will 
necessarily happen that the styles (when they are distinct) must 
alternate with the dissepiments, for as the former are prolongations 
of the apices of the blades of the earpellnry leaves, while the latter 


Fin. 415. Fin. 410. 



Fit/. 411. Flower of the line (Rutu ynrvenleni). showing the ovaries, or, united 

at their ba«n.-/V/. 415. a. Diagram of three carpels placed stile by side, 

hnt not united, b. A transverse section of the ovaries of the same. - 
Fhj. 416. ii. Diagram of three carpels united by their ovaries, the 
styles and stigmas being free. h. A transverse section of the ovane- 
of the same. 

arc formed by the union of their margins, the dissepiments have the 
same relations to the styles as the sides of the blade of a leaf have 
to its apex ; that is, they must be placed right and left of them. 

The cavities of the compound ovarv are called ccIIh or loculi. 
and such an ovary as that just described would he therefore 
termed three-celled 6r trilocnlar, as it is formed of three united 
ovaries. All dissepiments which are not formed by the united 
walls of adjoining ovaries are termed spurious or false. It 
follows, therefore, that a tingle carpel can have no true dissepi¬ 
ment, and is hence, under ordinary and normal circumstances, 
unilocular or one-celled. 

From the preceding observations it follows that when ovaries 
which are placed side by side cohere, as in fig. 416, and form a 
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compound ovary, the dissepiments must lie vertical, and equal in 
number to the ovaries out of which that compound ovary is formed. ■ 
When a compound ovary is composed, however, of more than one 
whorl of ovaries, placed in succession one over the other, ub in the 
Pomegranate, horizontal true dissepiments may be formed by the 
ovaries of one whorl uniting by their bases with the apices of those 
placed below them (fig. 551). 

We have just observed that all dissepiments are said to be 
spurious except those which are formed by the union of the walls of 
contiguous ovaries, and it occasionally happens that such spurious 
dissepiments are formed in the course of growth, by which the 
ovary acquires an irregular character. These false dissepiments 


Fm. 417. 



Fin. 418. Fm. 419. 


Fin. 420. 



Fut. 417. Vertical section of a portion of tin* mature 
ovary ot ('{min JUl/'In. allowing a number nl trail-. 

verse spurious dissepiments ( jilirniinmhi ).- Fin. 

41s. Vertical section of the ovary ol the Wallflower 
m. Ovules, each attached by a stalk to the placenta. 
m cl. Vertical spurious dissepiment culled the re- 
plum.- Fip. 419. Transverse section of the lower 
y. part of the ovary of the Thorn-apple (Ha!urn strn- 

\w nwiiiiim i, showing that the ovary is here lour-cellcU. 

” Fui. 420. Transverse section of the same ovary at its 
upper part, showing that it is here two-colled. 


commonly arise from projections of the placentas inwards; less 
frequently by ingrowths from some other parts of the walls of the 
ovaries. Some of these are horizontal, and are called pliragmata, 
as in Cassia fistula (fig. 417), where the ovary, after fertilisation, is 
divided by a number of transverse dissepiments) which are ingrowths 
from its walls. Others are vertical, as in Cruciferous plants, where 
the dissepiment, called a replum ( Jig. 41R, cl), is formed from the 
placentas. Another case is that of Datih'a Stramonium, where the 
ovary is formed of two carpels, and is hence normally two-celled; 
hut, instead of remaining bilocular, it becomes four-celled below 
(fig. 419) from the formation of a spurious vertical dissepiment. 
This dissepiment does not extend to the top of the ovary, so that 
the upper portion of the latter is only two-celled (fig. 420). In the 
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Gourd tribe (fig. 548), also, spurious dissepiments appear to be 
formed in the ovary in a vertical direction by projections from 
the placentas. In the Flax, again (fit/. 421), spurious incomplete 
vertical dissepiment's are formed in the ovary by projection-, 
from the dorsal sutures. In the ovary of Astragalus (tig. 422), 
also, a spurious dissepiment is formed hy a folding inwards of the 
dorsal suture; while in those of O.rytropis and Phaca ( tig. 428) a 
spurious incomplete dissepiment is produced by a folding inwards of 
the ventral suture. 

It should be noticed that in our description of spurious dis¬ 
sepiments we have not confined our attention to those of compound 
ovaries alone, but have also referred to those of simple ovaries, in 
which they sometimes arise. The spurious dissepiments of Cassia 


I'm. 421. 


Fio. 422. Fm. 428. 



/’*</. 42 . Transverse section of the ovary of the Flax ( Lmum usitatutinnan ). 
»ho\v ng five complete uiid true di-f'opiments u. anil five incomplete 

spun ns dissepiments, b. - I'm. 422. Transverse section of tin* mature 

ovar of Astrat)<this % showing spurious dissepiment proceeding from the 
dorw suture - — t'uj. 423. Transverse section of the mature ovary of 
/‘tint 


fistula , Astragahuiy Phaca , and Oxy tropin are all examples of such 
formations in simple ovaries. 

Polvcarpellary ovaries containing only one cavity are gene¬ 
rally constructed in a manner essentially the same as those 
already described, except that the edges of the constituent 
carpels are either not turned inwards at all or not sufficiently 
far to meet in the centre of the ovary, so that all their cavities 
coiyinumcate in the centre. An ovary fbrmed in either of these 
ways is unilocular though compound, as in the Orchis (fig. 425) 
and Poppy (fig. 426). » 

We turn now to examine in more detail the separate parts 
of the earpellary sporophylls, which, we have seen, are the ovary, 
style, and stigma. 

1. The Ovaby. —The ovary, as already mentioned, may be 
simple or compound , the latter when it is composed of two or more 
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ovaries combined together. The terms simple pistil and simple 
ovary are not in all cases synonymous terms ; a pistil is only 
said to be sunple (fig*. 89(1 and 406) when it is formed of but 
one carpel, the terms pistil and carpel being then mutually 
convertible; but an ovary is simple, as just noticed, whether it 
forms part of a simple pistil, as in Leguminous plants generally 
( jig. 406), or of one of the carpels of an apocarpous but poly- 
carpellary or compound pistil, as in the Stonecrop (fig. 284). 

Generally speaking, the ovary is sessile upon the thalamus, the 
carpellary leaves out of which it is formed having no stalks, in rare 
cases, however, the ovary is more or less elevated above the outer 
whorls, when it is said to lie s talked or stipitute , as in Dictamnus 

Flo. 424. Fio. 425. Fin. 126. 



Fut. 424. Transverse Kvtlon nl the one-,Vila,1 nvaiy of Mignonette (/.Vseibi) 
c. The lower flattened portion or ovary or one of the three carpels of which 
it ii formed, pi. One of the three parietal placentas. — Fig. 425. Trans* 
verse section fit the one-celled ovary of an Orchis, r The lower jiortion 
or ovary of one of the three carpels of which it Is formed, slightly infolded. 

pl. One' of the three parietal placentas.- Fin. 42(1. Transverse section 

of the ovary of a species of Poppy or. Ovules, pine. Placenta 0 , 

which in the young ovary nearly meet m the centre, and thus the ovarv 
liecomes almost many -ceiled, hilt as the ovary progresses in development 
* it is only one-relled.' 


Jig. 457, g) and Dianthus ( fig. 405,;/); this stalk has received tlie 
name (if gynophoie. 

The ovary, whether simple or compound, may be either united with 
the receptacular tube or free from it. In the former case, as in the 
Myrtle (Jig. 273), it is inferior or adherent , and the calyx is superior ; 
in the latter, as in Dictamnus ( Jig. 427), it is superior or free, and the 
calyx is inferior. In some flowers the ovary i#bnt partially adherent 
to the receptacle, as in the species of Saxifrage ( fig. 428), in which case 
it is sometimes termed half-adherent or half-inferior ; and the calyx 
is then said to be half-superior ; the latter terms are, however, but 
rarely used, the ovary being generally described as inferior, whether 
its adhesion to the receptacle be complete or only partially so, and 
vice versa. ~ 

Some doubt has been entertained in many cases as to the true nature 
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of the external tubular portion. It has been regarded in some as 
Ijjirt of the calyx; but in others, as in the Gooseberry, it is a hollowed 
receptacle, or thalamus, the true calyx springing from the top of the 
cup-sliaped body, and the ovary being placed upon and adhering to 
the side of the latter. This relationship is seen more clearly in such 
apparently inferior ovaries as those of the Rose (Jig. 429), where the 
thalamus, r, r, is certainly concave, and bears a number of carpels, 
o, o, on its inner walls. A longitudinal section will at once show the 
difference; in the Rose wo find a single cavity open at its summit, 
and its walls covered with distinct carpels. The ovaries of the Rose 
are therefore superior or free. 


Flu. 427. 


Fin. 428. 


Flu. 429. 



I'm. 430. 




I'uf. 4‘27. l’i^til <»f Dictumnu* 1'ra.rinrlla. The ovary 
is Bupjxwlcd on a gyuophore, (/, mul is *niierior. 
Fig. 428. Vertical section ot the ttower c' 
frage, showing the ovary partially adherent to 
the calyx.— * Fnj. 42S>. Vertical sectioi of the 
(lower of the Hose. r. Concave tlialui ■», upon 
which art* placed several carpel- 1 , each t>f 
which is furnished with a style and s .iguin, t. 

e. e. Stamens.- Fiq. 430 Compound irregular 

mature ovary of Antirrhinum. 


The ovary varies much iu form and in the character of its surface : 
when simple it is generally more or less irregular in form ; but when 
compound it is commonly regular. Exceptions to the regularity of 
compound ovaries are not infrequent; an example may be seen in 
Antirrhinum (Jig. 430). The compound ofary is generally more or 
less ovoid iu form. The outer surface may be either perfectly even 
or uniform, showing no traje of its internal divisions; or marked 
by longitudinal furrows extending from its base to the origin of 
the style and corresponding to the points of union of its constituent 
carpels. When these furrows are deep, the ovary assumes a lobed 
appearance, and is described as one-, two-, three-, four-, five-, 
or many-lobed, according to the number of its lobes. Sometimes 
VOL. i. o 
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we find, in addition to the farrows which correspond to the lines of 
union of the ovaries, others of a more superficial character which 
correspond to the dorsal sutures. At the latter places, however, it is 
more usual to find slight projections, which then give a somewhat 
angular appearance to the ovary. 

When the ovary is compound, the number of carpels of which it 
is composed may be ascertained in several ways. When the styles 
(fig. 416), or stigmas (Jig. 346), remain distinct, their number 
generally corresponds to the number of the carpels. It happens, 
however, occasionally that the styles are themselves divided, as in 
Kuphorbia (fig. 431), in which case they fail to indicate the number 
of carpels that are actually present. This may then be determined 
by the furrows or lobes on the external surface of the ovary, or the 
number of partitions or loculi which it contains, as these in nearly 
all cases correspond in number to the carpels of which that ovary iB 
composed. 

I'm. 431. b’ni. 432. 



Fig. 431. Pistillate flower of a species of Euphorbia , with three forked styles. 
Fig. 432. Vertical section of the flower of the Stonecrop. pi. Placenta of 
one of the ovaries, arising from the ventral suture. 



The term placenta is commonly applied to the more or less 
marked projection to which the ovule or ovulos are attached 
in the cavity of the ovary {figs. 398, p, and 432, pi). The 
placentas are variously distributed in the ovaries of different 
plants, but with very rare exceptions their position indicates 
the margin of the carpellary leaf or leaves. The term placen- 
tation is used to indicate the manner in which the placentas are 
distributed. i 

a. Kinds of Placentation .—In the monocarpellary ovary the 
placenta is usually situated along the ventral suture, or the 
line which corresponds to the union of the two margins of the 
blade of the carpellary leaf, out of which it is formed; such 
a placenta is therefore termed marginal (figs. 898, 399, and 
482). 

In compound ovaries we have three kinds of placentation: 
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namely, ax tie, parietal, and free central. The axile form occurs 
Generally in compound many-celled ovaries. The carpellary- 
leaves are folded so completely that their edges meet in the 
centre, dividing the cavity of the ovary into as many loculi as 
there are carpels (fiyu. 415 and 416) and forming a central axial 
column, from which the term axile is derived. The placentas 
situated at their ventral sutures are arranged on the oentre or 
axis, as in the Lily (/«</. 433) and Campanula (fir/. 434). In 
one Natural Order, the Caryophyllaceie, the dissepiments or 
partitions formed by the inturned walls are destroyed or absorbed 
during the growth of the ovary, so that the axial body of placentas 
appears free. This constitutes a form of free central placcnta- 
tion. 

Fig . 433. Fin. 434. Fig. 435. 



I’iii. 133. Tnurevcrsc section of the compound ovary of the Uly. The ovnrv 
tlmv-collcd (triloculur). Tire placvutug, Jit, lire axile or central. - ’ 
t' i.o. 434. Tmuavcrsc section of the ovary of a species of Campanula. The 
ovary is ilve-oelled or tjuiiapielocnlar, and file placeutation, pi, axile. 

/'u/. 435. Transverse section of the ovary of a sjatcics of CartUH. The 
ovary is oue-cclled, and the placeutation parietal. 

In a compound one-celled ovary the principal form of 
placeutation is the parietal. The placentation is termed 
parietal when the ovules are attached to placentas placed 
either directly on the inner wall of the ovary, as in the 
Mignonette (Jig. 424. pi) and Cactus (Jig. 435), or upon incom¬ 
plete dissepiments formed, us already noticed, by the partially 
infolded margins, ns in the species of Orchis (Jit/. 425, pi) and 
•t’oppy (Jill- 426, placf. In parietal plantation, the number of 
placentas corresponds to the number of carpels of which the 
ovary is formed, and their position to the edges of the carpellary 
leaves. 

In some cases the placenta is formed upon the axis or 
thalamus, and not upon the sporophylls at all. The thalamus 
in this case projects upwards with the cavity of the ovary. The 
condition is seen, c.g., in the Primu laceee ( Jig . 438). Like the 

o 2 



106 


MANUAL OF BOTANY 


condition in the Caryophyllaueee, this is known as free-central 
placentation. To this point we shall return later. « 

Besides the regular kinds of placentation just described, it 
sometimes happens that the ovules are placed more or less 
irregularly in the cavity of the ovary. In the Flowering ltush 
{fit/. 4801 they cover the whole inner surface of the carpels 
except the midribs, and the placentation is consequently 
described as superficial ; in Nympluea, the white Water-lily, 


Fin. 43(5. 



Fw. 437. Flu. 438. 



Fin. 430. 



I'm. 43»). Vertical pcction of C<ra.sfmin hit- 
xutiun (('aryophyllftct a- ). o. Ovary. />. Free 
central placenta, g. (i\ ale-, x. Styles anti 

stigma*- I'm. 437. Trua?verse section of 

the panic with the two portions or section* 
separated, o. Ovary, p. riaccntu. tj. Ovules. 

*. Styles and stigmas. From Jussieu.- 

/’if/. 43H. Vertical section of the jn-til of 
('yclumeii (. Prunulaceic ). x. Sepals, pi. Fiee 
central placenta, st. Style, stig. Stigma. 
Fig. 439. Vertical seetioil of the flower of 
the Flowering Hush (Huiomns nmbcllntns ), 
showing the inner surface of the ovaries 
covered all over with ovules. » 


they are attached all over the dissepiments; in Cabomba, 
they arise from the dorsal suture; and* in the Broom-rapes 
(Orobanclie) from placentas placed within the margins of the 
ventral suture. 

b. Oriyin of the Placenta .—The placenta is, in most cases 
at least, a cellular growth developed from the confluent 
margins of the carpels, or, more strictly speaking, from the 
confluent margins of the blades of the carpellary leaves. 
In some cases the placenta extends along the whole lino of 
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union of the carpel (Jig. 481, pi ); in others it may be confined 
to its base or apex. Each placenta is to be considered 
as composed of two halves, one half being formed by each 
margin of the carpel. In simple ovaries the placenta is 
developed by a single carpel. In compound many-oelled 
ovaries the placentas are formed by the union of tho intumod 
margins of the carpels at the centre of the ovary; while in 
compound one-celled ovaries presenting parietal placentation, 
each placenta is formed from the contiguous margins of two 
carpels which do not meet in the centre. 

That in these forms of placentation the placentas are 
really developed from the margins of the carpels is proved 
in various ways. In the first place, in regular kinds of 
placentation the placentas always correspond to the lines of 
union of the margins of the carpel or carpels, and hence may 
naturally be considered as formed from them; and, secondly, 
we frequently find that in monstrosities or abnormal growths, 
where the carpel is developed in a more or less flattened con¬ 
dition, a plaoenta bearing ovules is formed upon each of the 
margins. 

The origin of the free central placenta is not always the 
same; we have already seen that there are two different types 
recognisable. In the first, this also is a development from 
the margins of the carpels. Tho carpels of which the compound 
ovary is formed originally meet in the centre and develop 
placentas from their margins in the same manner as in ordinary 
axile placentation; subsequently the walls of the ovary grow 
more rapidly than the dissepiments, so that the connection 
between them is soon destroyed; and from this cause, and also 
from the great subsequent development of the placenta, the 
septa ultimately become almost or quite broken up, so that the 
placenta is left free from the cavity of the ovary. This view is 
strengthened by the fact that in several of the Caryophyllacea’ 
we often find dissepiments in the young ovary, and even traces 
of them at the lower ^part of the mature ovary; these are the 
remains of dissepiments which have beccftne ruptured on account 
of tto unequal development of the parts of the ovary. The 
second type is illustrated,by the Primrose and many other 
plants, which have a free central placenta; in these no traces 
of dissepiments can be found at any period of the growth of the 
ovary. Duchartre and others, who have traced the development 
of the ovary in the Primnlacece, state that the placenta is free 
in the centre from its earliest appearance, that it is originally a 
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little papilla on the apex of the thalamus, and that the walls of 
the future ovary grow up perfectly free, and ultimately endow 
it. The formation of such a free central placenta cannot there¬ 
fore be well explained upon the marginal theory, as the carpels 
have never had any connection with it except at their bases. 
Nor is it necessary to suppose that a placenta is essentially of 
foliar origin. Since it has been established that the ovule is to 
be looked upon as the megasporangium of the flowering plant, it 
follows that it may be produced, as other sporangia are in some 
of the lower forms, either from the axis itself, or from foliar 


Fio, 440. Fig. 441. Fio. 442. 


Fm. 443. 



Ftff. 440. Vertical section of the flower of Armen ft. The ovary Is seen to 
contain only a single ovule suspended from a funionlns or stalk. The 

ovule is here said to be reclinate.- Fig. 441. One of the carpels of the 

Strawberry with a lateral style.- Fig. 442. Carpel of Alchemilla with a 

basilar Btyle. The stigma is capitate.- Fig. 443. The carpophore, r, of a 

species of Geranium with the rolled-back carpels, ear . 


outgrowths from it (sporophylls). The case of the Yew, already 
referred to, is another instance of axial origin, the ovule 
being here naked and terminal. Other illustrations have been 
already given, and to them the case of the Plumbaginacece may 
be added. In Anneria , a genus of that Natural Order, the 
ovary, which is composed of five carpels, surrounds a single 
ovule, which, rising from the axis, is supported on a stalk which 
curves downwards at its apex, and suspends the ovule free 
in the centre of the cavity {fig- 440). Here, therefore, the 
ovule and placenta are developments of the axis. 

From all that has now been stated, we may draw the follow- 
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ing conclusions, namely: — that no single theory sufficiently 
(•counts for the production of the placenta in all cases; but 
that the axilo, parietal, and some forms of tho free central 
placentation may be best explained on the foliar hypothesis; 
and that the formation of the free central placenta of the 
1‘rimulaccce, Santalacccc, and some other plants, can only be 
satisfactorily accounted for by considering the placenta as a 
production of the axis. 

In the majority of instances, we find one kind of placentation 
occurring throughout all the plants of a particular Natural Order. 
The Srrnphulariareir, Erica ecu’, and Campanula cetc present us with 


Fir,. 444. 



Fro. 445. 



Fhi. 111. Pistillate flower of one of the ISitphurMareic. c. Only*, p, p. Pet:iK 
/. Membranous expansion round tlie ovary, o. ( l Vi try with three styles. 

i, each of which Is twice-forked.- Fig. 445. Ovary of the Castor-oil plant 

( Pinnu.i communis), belonjrhur to the Eupborblacete. The styles in this 
ease are once-forked. 


axile placentation ; tho Papaveraccce, Yiolacecc, and Cruciferce with 
parietal; and the Caryophyllacecc, Santalacea, and Primulacets 
with free central placentation. In some Natural Orders the placent¬ 
ation is not constant through all the gener% 

8. The Style. —The style usually arises from the geometrical 
summit of the ovary, of which it is a continuation in an upward 
direction, as in the Primrose*^#. 895): it is then termed apical. In 
other cases, the apex of the ovary becomes inflected towards the side 
or base, from the carpel or carpels of which it ig formed being folded 
like ordinary leaves in reclinate vernation; the style then becomes 
lateral, as in tbe Strawberry (fig. 441), or basilar, as in Alchcmilla 
(fig. 442). In the two latter cases, therefore, the geometrical and 
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organic apices of the ovary do not correspond, as the point of origin 
of the style always determines the latter. a 

The style is generally directly continuous with the ovary, which 
gradually tapers upwards to it as in Digitalis ; in such a case it is 
persistent, and forms a more or less evident part of the fruit; in other 
cases, however, there is a kind of articulation at the point where the 
style springs from the ovary, as in Scirpus, and then the. style always 
falls off after the process of fertilisation is completed. It is then said 
to be deciduous, and has no connection with the fruit. 

When the style is basilar or lateral, and the ovary to which it is 
attached more or less embedded in the thalamus, it frequently appears 

Fro. 446. 



Fig. 446. Pistil of a species of lfit. o. Ovary, tty. Petaloid styles, ttu/. 

Stigmas.- Fig. 447. Upper part of the style and stigma of Letchmaullitt 

formota. /.Style, i. Collecting hairs, s. Stigma. — Fig. 44 H. Upper part 
of the style, /, of a Composite plant,dividing into two branches, which are 
covered above by collecting hairs, pc. 

to spring from the latter; such an arrangement is called a gynobase, 
and the ovary is said to be gynohasic. The condition is seen in the 
Labia tee (fig. 412) and the Boraginacea (fig. 413), the ovaries of 
which are fro:;, but tl» styles, which spring from their bases, 
become connected and form a central column, which appears as'if it 
were a prolongation of the thalamus. 

Such an arrangement must not be 'confounded with that of the 
ovaries and styles of the species of Geranium (fig. 443), and some 
other plants, where the axis itself is prolonged in the form of a beak- 
like process, to which the ovaries and styles become united, and from 
which they separate when the fruit is ripe. This prolongation of the 
thalamus is termed a carpophore (see page 146). 
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When the styles of a syncarpous pistil are distinct, they usually 
•orreapond to the number of carpels of which that pistil is composed. 
It sometime happens, however, that the style of each carpel 
bifurcates or becomes forked, as in some Fuphorbiacece, either once 
(figs. 430 and 446), or twice {Jig. 444); in which case the apparent 
number of the styles is double or quadruple that of the carpels. 

Form and Surface of the Style.— In form the style is generally 
more or less cylindrical; either tapering from the base to the apex, 
as is generally the case, or becoming enlarged as it proceeds upwards. 
In other cases the style is filiform, or more or less thickened, or 
angular; and rarely thin, coloured, and flattened like a petal, as 

Fro. 440. Fro. 450. Fro. 451. 



Fi</. 149. riBtil of u Lily, with one style and a 
trilobate stigma. — Ft a. 450. Lolxsi stigma 

of tho Melon.- Fur. 451. Pistil of a species 

.if C/trttmnlhrmum. with one style an.l a 
infill stigma, the divisions with hair, at 
their extremities. 



in the species of Canna and Iri .« {Jig. 446), when it is said to be 
petaloid. 

The surface of the style may be either smooth, or covered in 
various ways with hairs. These hairs, when situated on the style, 
frequently serve the purpose of collecting the pollen, and are hence 
termed collecting hairs. The collecting fail's on the style of the 
speeies of Campanula are retractile. In the Composite the surface 
of the style is also more or less covered with stiff collecting hairs 
(fig. 448, pc ); as the style is developed later than the stamens, it 
is at first shorter than these organs, but as the growth proceeds it 
pushes itself through the syngenesious anthers, and thus the hairs 
on its surface come in contact with the pollen and become covered 
with it. In some of the Orders allied to the Composites, the hairs 
form a little ring below the stigma (fig. 447, i). 
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3. The Stigma. —The stigma is a rough, usually sticky area, 
situated in various positions above the ovary, but generally 
occupying its pointed apex. In the case of a compound stigma, it 
usually shows rays or branches corresponding in number to the 
constituent carpels. The roughness is due to projecting cells 
of its external layer, while the stickiness is caused by the 
secretion of honey. 

The stigmas of a syncarpous pistil are generally opposite to the 
cells, and alternate with the dissepiments, but it sometimes happens, 
as in the Poppy, that half the stigma of one carpel unites with a 
similar half of that of the adjoining carpel; the rays thus formed 
are alternate with the cells, and opposite to the dissepiments, the 
latter being, however, imperfect (fig. 426).' 


Fio. 452. 



Fig. 453. 



Fig. 452. Stigma, s. attached to style, f, of Jiignoniaarborea. In the left- 
liand figure tbe lamella ivre separate, in tlie other applied closely to 

each other.- Fig. 453. Flower of a species of Humex, showing friiicred 

stigmas, pi. 


We have already seen that the stigma may be separated from the 
ovary by the style (figs. 395-397); or the latter organ may be absent, 
in which case the Btigma is said to be sessile, as in the Barberry 
(fig. 398, st) and Poppy. In Orchids the stigma is sessile on the 
gynostemium, and appears as a little cup-shaped viscid space just 
below the attachment of the pollen-masses. 

In a syncarpous pistil jjhe stigmas may be either united together, as 
in the PrimroBe (fig. 896), or distinct, as in Campanula (fig. 333^; in 
the latter case, instead of looking upon these separate parts as so 
many distinct stigmas, it is usual to describe them as if they were 
portions of but one; we then speak of the stigma as bifid, trifid, Ac., or 
as bilobate, trilobate, Ac., according to the number and character of 
its divisions. The term lobe is usually applied when the divisions 
are thick, as in the Lily (fig. 442) and Melon (fig. 450); when these 
are flattened and somewhat strap-Bhaped, as in the Composites 
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(fig. 541), the Htigma is fissured or cleft ; when flattened into plates 
«r bands they are termed lamella, as in Bignonia (fig. 452) and. 
Mwiulus. The number of these divisions in the majority of instances 
corresponds to the number of carpels of which the pistil is composed; 
and if the latter organ is many-celled, the number of cells generally 
corresponds also to the divisions of the stigma. The five-cleft stigma 
of some Campanulas accordingly indicates that there are five cells 
to the ovary, and that the pistil is formed of five carpels. In the 
Graminaceai (fig. 404) and Composites (figs. 448 and 451), however, 
we have a bifid stigma, and but one cell in the ovary. 

The lobes assume different appearances: they may be smooth 
or thick and fleshy, as in the Melon (fig. 450), or feathery, as in 
many Grasses (fig. 404), or fringed or laciniate, as in the Dock 
(fig. 453, pi). 

When the stigmas are united, the number of parts in the 
compound stigma is usually indicated by radiating furrows or 

Fio. 464. Fin. 455. Flo. 456. 



Fig. 454. s. Peltate or Kliield-Khaiied stignm mrmounting the style, /, of a 

species of Arbutus. - Fig. 455. Pistil of Daphne, o. Ovary, st. Stjle. 

slrq. Stigma.- Fig. 456. Pistil of Pansy ( Viola tricolor), cal. Remains of 

calyx, ov. Ovary, sty. Style, surmounted by an irregular hooded stigma. 

grooves. When the stigmas unite and form a compound body upon 
the top of the style, this compound stigma is said to be capitate. 
In the Violet (fig. 450) the stigma presents an irregular hooded 
appearance. 

Thk Flowf.ii.bud. Estivation or Prasfloration. 

^The mode in which the different parts of the flower are dis¬ 
posed in the flower-bud is termed their activation or preeflo- 
ration. The terms used in describing icstivation refer especially 
to the relative positions of the component parts of the calyx and 
corolla, because the stamens and carpels, from their peculiar 
forms, can give us no such arrangements of their parts as are 
exhibited by the more or less flattened floral envelopes. 

Tn describing the varieties of (estivation, wo have to 
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include: 1st, the disposition of each of the component parts of 
the floral envelopes, considered independently of the others; anil 
2nd, the relation to one another of the several members of 
either of the floral envelopes taken as a whole. With regard 
to the disposition of each of the component parts of the 
floral envelopes considered independently of the others, the 
same terms are used as in similar varieties of vernation, 
with the addition of the crumpled or corrugated form, 
which is not found in the parts of the leaf-bud. This latter 
arrangement may be seen in the petals of the Poppy ( Papavcr ) 
and Bock Rose (Helianthcmum); it derives its name from the 
parts being irregularly contracted into wrinkled folds. 

With respect to the relation to one another of the several 
members of either of the floral envelopes taken as a whole, various 
arrangements occur, all of which may bo classified in two divi¬ 
sions: namely, the Circular or Valvatc , and the Imbricated. 


Fio. 457. Fio. 458. Fio. 459. Fio. 400. 



Fig. 457. Diagram to illustrate vulva to aestivation.- Fig. 458. Diagram to 

illustrate Induplieate {estivation.- Fig. 459. Diagram to illustrate rain- 

plicate (estivation.- Fig. 460. Diagram to illustrate contorted or twisted 

(estivation. 

1. Varieties of Circular JEstivation .—Wo distinguish three 
well-marked varieties of circular aestivation, i.o. the valvatc, in- 
duplicate, and reduplicate. The valvatc (Jig. 457) may be seen 
in the calyx of the Lime, and in that of Quamrna ulmifoUa; in 
this variety the component parts are flat or nearly so, and in 
contact by their margins throughout their whole length without 
any overlapping. This variety of restivation may be generally 
distinguished, even when the flowers are expanded, by the 
margins of its componefit parts being slightly thickened, or at all 
events not thinner than the rest of the organ; whereas in all 
varieties of imbricated estivation thij overlapping margins are 
usually thinner, as may be well seen in the sepals of the species 
of Geranium. When the component sepals, or petals, instead 
of being flattened, are folded inwards at the points where they 
come in contact (fig. 458), the sestivation is induplieate, as in 
the petals of Guazuma ulmifoUa, and in the sepals of some 
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species of Clematis. When the margins are turned outwards 
wader the same circumstances (fig. 459), the [estivation is re¬ 
duplicate, as in the sepals of the Hollyhock (Althaea rosea) 
and some other plants of the Natural Order Malvacece ; also in 
the petals of the Potato. 

2. Varieties of Imbricated or Spiral Estivation. —We dis¬ 
tinguish five varieties of this kind of estivation, i.e. the imbri¬ 
cate, convolute, quincunvial, cochlear, and vexillarp. The 
true imbricate (estivation, as seen for instance in the calyx of 
Camellia japonica (Jhj. 461), is formed by the component parts 
overlapping each other more or Jess by their margins, like the tiles 
on the roof of a house. Usually, when there are five leaves 
in the floral whorl, one is overlapped on both margins, the next 
one is completely external, and each of the other three overlaps 


Fm. 461. Fig. 462. Fiu. 463. Fig. 464. 



/•’*</. 4b 1 Diagram to illustrate imbricate (estivation. The figure*, 1, 2, 3, 4, 

5, show that the successive parts are arranged in a spiral manner.- Fig. 

4«2. Diagram to illustrate quineiuicial activation. 1 and 2 are external, 

I and 5 internal, and 3 is purtl.v external ami partly internal.- Fig. 4(13. 

Diagram to illustrate cochlear motivation.- Fig. '4(54. Diagram to illus¬ 

trate vcxillary activation. 1 and 2 form the aim or wings, 3 and 5 the 
eariuu or keel, 4 the vexillum. (See Papilionaceous Cotvlla.) 

the lenf next it on one side and is overlapped by that next it on 
the other (fit /. 461). 

When one margin of each leaf overlaps the one next it, and 
the other margin is overlapped by the leaf on the other side of 
it, so that the whole whorl presents a more or less twisted ap¬ 
pearance, the [estivation is contorted ; if the overlapping is con¬ 
siderable, it is said to be convolute, as in the corolla of the Mallow 
(fig. 460). When the^arts of a floral whofl are five in number, and 
theffc arranged in such a manner that there are two parts placed 
on the outside, two inside, and the fifth overlapping one of the 
internal by one margin, while it is itself overlapped on its other 
margin by one of the external parts, the aestivation is said to be 
quincuneial { fig. 462). Familiar examples of this form are 
afforded by the corolla of the Rose and the calyx of the Bind¬ 
weed (Convolvulus sepium). In this kind of aestivation a spiral 
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arrangement of the parts is well seen, and is indicated in the 
diagram (fig. 462) by a dotted line. The spiral cycle thvs 
formed, which is the normal one in pevtameroua or quinary 
flowers (those with the parts in fives), and which occurs in the 
majority of Dicotyledons, corresponds to the §, pcntastichom, 
or five-ranked arrangement of leaves. When, instead of the 
Wholly internal leaf being next to the wholly external one, it is 
tho next but one, a variety of aestivation occurs to which the name 
cochlear has been given (fig. 463). Familiar examples of this 
are afforded by the Snapdragon (Antirrhinum majus) and other 
allied plants. Another marked modification of imbricated acti¬ 
vation occurs in the corolla of the Pea and other Papilionaceous 
flowers, wh."i the superior petal, which is generally the largest 
and is called the vrxillum, is folded over the others which are 
arranged face 'to face (fig. 464). This kind of icstivation is 
commonly termed vexillary. 

It frequently happens that the calyx and corolla exhibit different 
kinds of aestivation. In Guazuma ulmifolin the calyx is valvatc, 
and the corolla mdupl'icate. In plants of the Natural Order Malvaceie 
the calyx is valvatc or shows some form of circular {estivation; 
and the corolla is twisted. In the Corn Cockle (Githago segetum), 
the species of St. John’s Wort (Hypericum), the Geranium, and 
many other plants, the calyx is quincuncial or imbricate, and the 
corolla twisted. 

The kinds of Estivation above described are always constant in 
the same species, and frequently throughout entire genera and even 
Natural Order's; hence they are of great importance in systematic 
botany. 

The term authesis is sometimes used to indicate the period at 
which the dower-bud opens. 

Besides the definite and constant relations which the parts of the 
floral envelopes have to one another in the flower-bud, they have 
also a definite and constant relation in the same plant to the axis 
upon which they are placed. In describing these positions we 
use the terms anterior, posterior, and lateral. We call that part 
posterior which is turneij towards the axis ; and that next the bract 
from the axil of which the flower arises, anterior. When there are 
four leaves in a whorl, one will be anterior, one posterior, and two 
lateral, as in the sepals of the Wallflower. If there are five we have 
two arrangements. In the calyx of the order Lcguminosa, two 
sepals are posterior, two lateral, and one anterior, while in the corolla 
one petal is posterior, two anterior, and two lateral (figs. 303 and 
464). In plants of the order Rosacece we have a precisely contrary 
position exhibited by the parts of the two floral envelopes; here 
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we have two sepals anterior, two lateral, and one posterior ; while 
ij the corolla there are two petals posterior, two lateral, and one 
anterior. 

The same definite relation with respect to the axis also holds 
good in many cases in the staminal and carpellary whorls, by 
which important distinctive characters are frequently obtained. In 
iloral diagrams it is usual to indicate the position of the axis upon 
which the flower is placed by a dot placed over the posterior part of 
the diagram. 

The Ovui.k. 

As the autlier hwiVic'' shown to be comparable to a sorus 
-onsisting of four or more sporangia, so we may regard each 
placenta with its ovules as having a similar morphological value. 
Ill tiie anther the sorus forms a single body, or synangium, while 
in the pistil the separate ovules or megasporangia are free. 
Some botanists, however, prefer to look upon the placenta as 
bearing a number of sori instead of corresponding to a single 
one. In their view each ovule corresponds to a sorus of Azolla, 
which contains a single megasporangium; and the indusium of 
the latter is represented by the integuments of the ovule. The 
latter may, however, be a special protective coating for the ovule 
without being comparable to an indusium, from which indeed 
they differ in being developed from the body of the sporangium, 
and not from the surface of the sporophyll. 

■00*' An ovule consists of an ovoid body, which in section shows 
the parts represented in fig. 469. There is a central mass of; 
tissue which constitutes the bulk of the structure, and is called 
the nncellus . This is surrounded by certain coats or integu¬ 
ments which grow up round it and enclose it, with the exception 
of a small canal or passage at the apex. This passage is known 
as the inicropgle. In the interior of the nucellus is a conspi¬ 
cuously large cell with thin walls, which is the megaspore or 
ernbrjp}-sac. The megaspore never lies free in the interior of 
tiie sporangium, as do the microspores already described. It 
is always from the first surrounded closely by the tissue of 
the nucellus, and in its growth it absorbs the whole or a good 
deal of the latter: in some cases encroaching even upon the 
substance of the integuments. Sometimes more than one 
mcgasporc is produced, but this is unusual. Only one comes 
to maturity in such cases. 

The ovule is either attached directly to the placenta, when it is 
said to be sessile {fig. 436, g) ; or indirectly by a stalk called the 



MANUAL OF BOTANY 


208 


i 


funiculus or funicle (figs. 418, ov , and 440), when it is described as 
I stalked. The point of attachment of the ovule to the placenta if 
Isessile, or to the funiculus when stalked, is termed the hilum. 

Some ovules, as those of the Mistletoe ( fig. 466), consist 
simply of the nucellus, n, and its megaspore, c, as above de¬ 
scribed, in which case the nucellus is termed naked (fig. 465); 
but in almost all plants it becomes enclosed in one or two 
coats. In the Walnut there is but one coat, which appears at 
first as a little circular process around its base; this gradually 
increases in size, and by growing upwards ultimately forms a 
sheath or cellular coat to the nucellus, which it entirely closes 
except at the apex, where a small opening may be always 
observed (fig. 467, end). There is only one coat formed in 


Fm, 465. Fm. 466. Fro. 467. Fin. 468. 



'{/. 465. Ovule ol tlie Mujllctt* 1 ( \'tscuin album), oonsistiiitf of u uakt 
uiccllus. • /'///. 466. The same ovule cut vertically to t-how the euibrjt 

<nc. <\ in the nucellus a. — Fifj. 467. Ovule of the Walnut (Julians ret/m 
•f. Projecting end of the nucellm. x. ('out covering the nucellus excel 

t the foramen, end. -/>//. 46H. Ovule of a species of I’ofuf/onnm. f. Em 

>f ovule where it m uttaelicd to the placenta. />. Primme. x. Secumllm 
*.r. Exostome. end. Eudostome. n. l*rojeeting end of the uncelluf*. 


the Composite, Campanidacece, Lobeliacew, and some other 
orders. 

most plants, however, the ovule has two coats, in which 
Tsase we observe two circular or annular processes around the 
base of the nucellus, the inner one being first developed ; these 
processes continue to grow upwards as before described, until 
thoy also ultimately form two sheaths or coats, which entirely 
enclose the nucellus .except at its ap ex‘(fig. 468). The inner 
coat is at first seen to project beyond the outer, but the fatter 
ultimately reaches and encloses it. The inner coat is usually 
termed the secundine (figs. 468, s, tfhd 469, c), and the outer the 
primme ; some botanists prefer to follow the order of development 
of the coats, and consequently term the inner coat the primine, 
and the outer the secundine , reversing the order of the names. 
Others, to prevent confusion, more properly term the inner coat, 
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or secuudine, the inteannumtum in ternum ; and the outer coat, 
or # primine, the integim entwk, externum. The orifice left at 
the apex of the nucellus, as in the former instance where only 
one coat is present, is called the micromile. The openings in 
the two coats commonly correspond to each other, but it is 
sometimes found convenient to distinguish them by distinct 
names; that of the outer is then called the exostome (fig. 468, 
ex ); that of the inner, the endostome (end). 

In some cases a third coat is indicated, which grows up later 
from the base of the ovule and encloses it more or less loosely. 
This is known as an arillus. It is generally associated more 
closely with the seed, in connection with which it will be 
discussed. 

Fin. 469. Fw. 470. Fio. 471. 



rig. 4f>9. Section of an ovule (diagrammatic), a. Nucellus. b. Embryo- 
sac. c. Inner coat. <i. Outer coat. e. Micropyle. /. Ohalaza. g. Funi¬ 
culus or funicle.- Fig. 470. Vertical section of the orthotropous ovule 

of Polygonum, eh. 'Ohalaza. prim. Primine. sec. Seeundine. n. Nn- 

ccllus. s. Embryo-sac. m. Micropyle- Fig. 471. Vertical section 

of a campylotropous ovule of Wallflower ( Cheirantlius ). /. Funiculus. 
ch. Ohalaza. p. Primine. s. Peenndine. n. Nucellus. mic. Micropyle. 


.'S'The nucellus and its coat or coats are intimately connected 
at one point, called the di alog , (figs. 470, ch, and 471, ch ); but 
at the other parts of the ovule they are more or less distinot. 
This clialaza is the point where the vessels pass from the pla¬ 
centa, or, when the ovule is stalked, from the funiculus, into the 
ovule, for the purpose* of affording nourishment to it; it is 
generally indicated by being coloured, and of a denser texture 
than the tissue by, which it is surrounded. Through the micro¬ 
pyle the pollen-tube usually»reaches the megaspore, as will be 
hereafter fully described. 

V Relation op the Hilum, Ohalaza, and Micbopyle to one 
iNOTHEB.— When an ovule is first developed, the point of union 
if its coats and nucellus, called the ohalaza, is at the base or 

VOL. i. v 
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hilunj, close to the placenta or funiculus; in which case a 
straight lino would pass from the micropyle through the axiij of 
the nucellus and its coats to the hilum. In rare instances tnis 
relation of parts is preserved throughout its development, as 
in the Polyyonacece (fig. 470), when the ovule is termed ortho - 
• iropovs , atropous , or straight. In such an ovule, thereforeVthc 
micropyle, m, is situated; at its geometrical apex, or at the end 
farthest removed'from the hilum; while the chalaza, ch, is placed 
. at its base. 

y, In a second class of ovules the relative position of parts is 
'exactly the reverse of that of orthotropous ones—hence such are 
called anatrop ous This arises from greater 

growth on one*si3e than the other, the body of the nucellus 
^remaining straight. It thus becomes completely inverted, so 
that the chalaza (fig. 478, ch) is removed from the hilum, h, to 
the geometrical apex of the ovule ; the micropyle, /, being at 


Fin. 472. 



Fig. 472. The cfunpylotropus ovule* of tlie Mallow in it# different stages of 
development. From Le Mnont. In a the curvature is commencing, in b 
it is more evident, in c still more marked, and in tj it is completed. 
f. Funiculus, p. Frmiine. s. Pecnndine. n. End of nucellus. <*.r. Exostome. 
erul. Endo«tonie. 

, the same time turned towards the hilum, h. In anatropous 
ovules a connection is always maintained between the chalaza 
and the hilum by means of a vascular cord or ridge called the 
rafili£ (fig. 473, r), which is the elongated funiculus adherent to 
the ovule. This raphe or cord of nutritive vessels passing from 
the placenta or funiculus, and by its expansion forming the 
chalaza, is generally situated in anatropous ovules on the side 
which is turned towards the placenta or funiculus. Anatropous 
ovules are very common; examples may be found in the Dande¬ 
lion (fig. 478), Apple, and Cucumber. 

Besides the two kinds of ovuleS-mentioned above, there is an¬ 
other kind, more rarely met with, which is intermediate between 
' the orthotropous and anatropous forms ; to it the term amphi- 
tropoue has been applied. In this ovule, which is also called 
heterotropous or transverse, the hilum, /, is on one side, and 
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the micropyle, m, and chalaza, cli, are placed transversely to it 
(Jig. 474), and therefore parallel to the placenta. In this case 
the hilum is connected to the chalaza by a Bhort raphe, r. 

It sometimes happens, however, that the nucellus of the ovule, 
instead of being straight as in the above instances, becomes more 
or less curved. In the Wallflower (Jig. 471), and other plants 
of the order to which it belongs, as well as in the Caryo- 
phyllacerc. and many other orders, the apex of the ovule becomes 
gradually turned downwards towards its base, and is ultimately 
placed close to it, so that the whole nucellus is bent upon itself, 
and a line drawn from the micropyle, mic, through the axis of 
the nucellus, u, and its coats, would describe a cun 3; henco 
such ovules are called campylotropous or curved. In these 


Fju. 473. 



Fig. 473. Vertical section of the uimtrop is ovule of the Dandelion. 
h. Hi him. /. Micropyle or foramen, w. Nu 'litis, x Base of the nucellus, 

ih. Chnla 7 . 11 . r. Raphe.- Fig. 474. Longitudinal section of the umplii- 

tro]tons or transverse ovule of Lemna ttisulca f. Funiculus, n. Nucellus. 
p. Primine. sec. Beoundine. s. Kmbrjo-sa. c/i. Cluiluza. r. Jhiplie. 
in. Micropyle. From Schleiden. 

ovules, the ehalaza, eh, and hilum are close to each other as in 
orthotropous ones, but the micropyle, mic, instead of being at 
the geometrical apex of the ovule, is brought down close to 
the hilum or base. The progressive development of the cam- 
pylotropous ovule is well seen in the Mallow, as represented 
in Jig. 472, a, h, c, d. This kind Sf ovule is evidently 
formed by one side of the nucellus developing more extensively 
than the other, so that tl\p micropyle is pushed round to the 
base. 

The ovules of Angiospermous plants are enclosed in an ovary 
(Jig. 436). Those of the Gymnosperms, including the Coniferce, 
Cycadaceee, and allied orders, are always exposed without this 
covering. In Cycas they are situated on the margins of peculiarly 

p 2 
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metamorphosed leaves; in the Conifer a they are formed at 
the bases of indurated bracts or scales {fig. 475); in Taxus they 
are home at the ends of certain branches. In some Angio- 
sperms the seeds become partially exposed in the course of the 
development of the ovary into the fruit, the apex of the ovary 
opening and disclosing them in its cavity. This takes place in 
the Mignonette (fig. 609), Leontice, and Cuphca. These must 
not be confused with Gymnospermous plants, in which the 
ovules are naked from their first formation. 

Number and Position op the Ovules.— a. Number.— The number 
of ovules in the ovary, or in each of its cells, varies in different 
plants. In the Polygonaccir, Composites, Thymelaeea and Dipsacet?, 


Fro. 475. Fio. 470. 



Pig. 475. Brnct or carpellary leaf, ac, of a upecies of Pinui , bearing two naked 

ovules, or, at its base, mic , Micropyle or foramen.- Fig. 476. Vertical 

section of the fruit of a species of Itumex {1‘olygonaceae). p. Enlarged 
calyx surrounding the fruit. Tlie fruit contains a single erect orthotropous 
seed. The position of the ovule in the ovary is also described as erect and 
orthotropous. The embryo is inverted or antitropous. 

the ovary contains but a solitary ovule; in the Vmbelliferce and 
Araliaceie, there is but one ovule in each cell. When there is 
more than one ovule in the ovary, or in each of its cells, the number 
may be either few and easily counted, when the ovules are said to be 
definite, as in xEsculus (fig. 480),—and the ovary or cell is then 
described as biovulate, triovulate, Ac.—or ( the ovules may be very 
numerous, when the ovdry is multiovulate and the ovules indefinite, 
as in Cerastium (fig. 486, g). 

b. Position. —The position of the ovules with regard to the 
cavity or cell in which they are placed is also liable to vary. 
When there is but one ovule, this may arise at the bottom of the 
ovary or cell and be directed towards the summit, as in Composites 
and Polygonacees (fig. 476), when it is said to be erect ; it may be 
inserted at the summit of the ovary and be turned downwards, as in 
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Hippuris (fig. 477), in which case it is pendulous ; if it is attached a 
yttle above the base, and directed obliquely upwards, as in Parietaria 
(fig. 478), it is ascending ; if, on the contrary, it arises a little below 
the summit, and is directed obliquely downwards, as in the Mezereon 
(fig. 472) and Apricot, it is suspended ; if from the side of the ovary, 
without turning upwards or downwards, as in Crassula, it is 
horizontal or peltate. In some plants, as in Armeria (fig. 440), 
the ovule is suspended from the end of a long funiculus arising 
from the base of the ovary ; such an ovule is frequently termed 
reclinate. 

In the cases mentioned the position of $e ovule is usually con¬ 
stant, and hence this character assumes considerable importance in 


Fig. 477. Fig. 478. Fig. 479. Fig. 48C. 



Fig. 477. "Vertical section of the ovary of the Mare's Tail (Hippurit vul- 
gariz). o. Ovule, which is inverse or pendulous, and anatropous. s. Base 

of the style. /. Funiculus, r. Haphe. r. Chalazu.- Fig. 478. Vertical 

section of the ovary of the I’ellitory ( Parie/aria officinalis), with a single 
ascending ovule. The letters have the same references as in the last figure. 

Fig. 479. Vertical section of the ovary of the Mezereon (Daphne Afeze- 
reum), containing a solitary suspended ovule. The letters refer as before. 
From Jussieu..- Fig. 480. Vertical section of a cell of the ovary of a spe¬ 

cies of z£scultts containing two ovules, o. a, one of which is ascending and 
the other suspended, m, m. The micropyle or foramen in the two ovules. 
s. Base of the style. From Jussieu. 

distinguishing genera, and even Natural Orders. In the Composite, 
for instance, the solitary ovule is always erect; while in the allied 
orders, the Valerianacea and Dipsacece, it is suspended or pendulous. 
In the Polygonacece (fig. 476), the ovule, which springs from the axis, 
is also always solitary and erect; and in the Thymelacem (fig. 479) it 
is suspended. On the other hand, in some Natural Orders we find its 
position varying in different genera, although generally constant in 
the same genus; in the Rosgfieai, for instance, the genera Geum and 
Alchemilla have an ascending, while Poterium and Sanguisorba 
have a suspended ovule, and in Potentilla both are found. In the 
Banunculacea: also we find the ovule varying as regards its position. 

When the ovary or cell has two ovules, these may be placed 
side by side at the same level and have the same direction, as in 
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Nuttallia , when they are said to be collateral ; or they may be 
placed at different heights; if then they follow the same direction, 
they are said to be superposed ; if not, one ovule may be ascending 
and the other suspended, as in JEsculm (fig. 480). The position 
of the ovules in those cases where they are in definite numbers is 
also usually constant and regular, and similar terms are employed; 
but when the number of ovules in the ovary or cell is indefinite, the 
relations are less constant, and depend in a great measure upon 
the shape of the cell and the size of the placentas. In the long 
ovaries of many of the LeguminosiZ) and Cracifcrte (fig. 417), the 
ovules are superposed, and, not crowding each other, they are all 
turned in the same direction. In other cases the ovules are numerous, 
and having been developed in a small space, they necessarily press 
against each other, and acquire irregular forms and varying positions 
according to the direction of the pressure. In describing these 
varying positions the same terms are used as those referred to 
when speaking of the relations of the solitary ovule. These terms 
are also applied in the same sense to the relations of the seed in the 
pericarp. 


Section III. 

SEXUAL REPRODUCTIVE ORGANS. 

Our study of the reproductive processes of plants so fur has 
been confined to the sporophyte and its asexual cells the spores ; 
we must now turn to the alternate phase or form of tho plant, 
the gametophyte, and its sexual cells the gametes. These can 
give rise to a new individual only after coalescence in pairs. 
The process of their coalescence is known as conjugation when 
the two gametes are indistinguishable from each other, or 
fertilisation when they are not alike. The body formed by the 
coalescenoe is called a zygote. These sexual cells never arise 
on the sporophyte, but on the other phase of the plant, the 
gametophyte. The latter, in some of the Algte and Fungi, 
bears gonidia or asexual cells as well, the structure and mode 
of origin of which present no features ‘different from those 
already described. 

The phase of the plant which we t have called the gameto¬ 
phyte is seen most prominently in the lower forms, diminishing 
in size and degree of differentiation as we ascend the scale. 
The sporophyte can be recognised in only a few of the Alg® 
and Fungi, is of nearly the same dimensions as the gametophyte 
in the Mosses, and above this group assumes a preponderance 
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and becomes the conspicuous form of the plant, while the 
gametophyte dwindles almost to the point of suppression. 

In the Algie the gametophyte may be filiform, or take the 
form of a plate of cells, or assume large dimensions, showing 
much morphological differentiation. Often in this group the 
sporophyte cannot be recognised at all. Where asexual cells 
occur in such cases, they are gonidia, and are developed upon 
the gametophyte. Instances of the occurrence of the sporophyte 
among the Alga; arc afforded doubtfully by certain of the cysto- 
carps in the Red Seaweeds, and more certainly in some of the 
Chlorophycece ( Coleochiete ) by a small multicellular body 
developed from the zygote, the cells of which all give rise to 
zoospores. 

In the Fungi the gametophyte is always the prominent form. 
It bears both gonidia and gametes, but the latter in some cases 
aro not functional. The parasitic habit of life of many of 
these plants is attended by a general degradation of both form 
and structure, which especially marks the reproductive organs. 
In some cases the production of sexual cells by the gametophyte 
has disappeared. Such a gametophyte is called a potent ial one. 
Its true nature can be recognised only by a comparison with 
other forms which bear both kinds of reproductive cells. The 
sporophyte can be seen in such forms as Mucor {Jig. 487), whore 
the zygote on germination produces a small promycelium, and 
doubtfully in certain Ascomycetes, where it may bo represented 
by the ascocarp. A very rudimentary condition of it is shown 
by Cyntopun {fig. 489), where the zygote produces a number of 
zoospores after a period of rest. 

In the Mosses and their allies the gametophyte is stiff the 
prominent form, the sporophyte being represented by the 
complex sporogonium. Above the group of the Thallophyta, 
the nature of any phase of the plant body can be recognised by 
traoing its origin. The gametophyte is always the product of 
tho germination of the spore, and whore it has undergone much 
reduction this is tho only clue to its identity. In the series of 
forms above the Ferns we find cases in vrtiich it becomes more 
and more closely attached to the spore, ultimately being alto¬ 
gether enclosed in it. . 

Those plants which are heterosporous exhibit two forms of 
gametophyte, one developed from the microspore, the other from 
the megaspore: both are inconspicuous. 

In the iaosporous or homosporous Ferns and in the Horse¬ 
tails the gametophyte is always thalloid. In the former group 
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each gametophyte usually produces gametes which are female 
and others which are male, the former developed in organs called 
archegonia, and the latter in others known as antheridia ; in 
the Horsetails it generally gives rise to one or the other, but 
not to both. We have thus in the Horsetails potential though 
not actual heterospory. In the heterosporous Ferns the relative 
development of the two forms of gametophyte becomes unequal, 

and this difference may be 
seen throughout the higher 
plants. In Salvinia the male 
gametophyte is a small 
tubular structure, produced 
by the outgrowth of the 
inner coat of the spore. It 
forms at its apex an antheri- 
dium consisting of an incom¬ 
plete wall and two internal 
cells, each of which gives rise 
to two antherozoids or male 
gametes. In Marsilea and 
Selaginella the microspore 
giveB rise to a small, some¬ 
what oval, multicellular body, 
which produces antherozoids 
in its internal cells. 

The female gametophyte 
also showB a gradual de¬ 
generation. In Salvinia the 
megaspore bursts at its apex 
(fig. 481), and the prothallium 
is developed as a curiously 
shaped green body, the 
greater part of which remains 
within the spore. The free 
part bears the archegonia. In Selaginella and Isoetes the 
development is stiff riiore markedly endosporous. The prothal¬ 
lium is developed inside the megaspore (fig. 482), which does 
not open till the former is well ( advanced; in some cases, 
indeed, until the archegonia are mature and the oospheres, or 
female gametes which they contain, are ready for fertilisation. 

The Phanerogams, whose sporophytes have been treated of 
at considerable length in the preceding pages, have, as we have 
seen, two kinds of spore, the pollen grains or microspores and 


Fig. 481. 



Fig. 481. Gametophyte produced by the 
megaspore of Salvinia. 2 )r °. Prothallium 
bearing a, young sporophyte. After 
Pringaheim. 
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the embryo-sacs or megaspores. Each kind produces its appro¬ 
priate gametophyte. The pollen grain gives rise on germination 
to a tubular structure something like that of Salvinia, but it 
does not bear an antheridium. Two gametes are produced in 
each tube which are altogether undifferentiated except in three 
species of Gymnosperms (Cycas, Zamia and Ginkgo). 

The embryo-sac or megaspore, on germination, produces a 
gametophyte in its interior. This is a further development of 
the process of endosporous formation of the prothallium which 
we have seen indicated in Salvinia and Selaginella. The 
germination of the megaspore takes place in the interior of the 


Fig. 482. 



Fig. 482. termination of megogpore of Selaginella. After Pfeffer. 
arch. Arcliegonium. etn, em\ Young embryos, oos. Unfertilised ooapbere. 

sporangium or ovule, from which, indeed, it is never set free. 
In the Gymnosperms the gametophyte consists of a large 
number of cells; wljjle its morphological nature was not under¬ 
stood, it received the name endosperm* which still continues to 
be applied to it {fig. 488). In the Angiosperms it is very much 
reduced, consisting, wher^ mature, of only a few cells or masses 
of protoplasm, some of which have no cell-wall (fig. 484). In 
the Gymnosperms the archegonia, usually several in number, 
are well developed, and are much like those of Selaginella. 
In the Angiosperms there is no archegonium, and a single 
oosphere lies free in the cavity of the spore (fig. 484, oos), being 



218 


MANUAL OF BOTANY 


hardly distinguishable from the other cells which are near 
it. After fertilisation in these plants, the gametophyte under-* 
goes a further development, the cavity of the spore becoming 
filled by a tissue bearing the name of endosperm. This is, how¬ 
ever, not morphologically comparable to the tissue bearing 
the same name in the Gymnosperms, which is developed before 
differentiation of the sexual cells, and is morphologically the 

Fio. 483. Fm. 484. 



Fig. 483. Megasporangium (ovule) of Finns at maturity. After Dodel Port. 
meg. Megaspore, end. Gametophyte or prothalhum. arch. Archcgoniu. 
p.g. Pollen-grain or mierosjiore, which has been transported to the micro- 
pyle of the ovule and has put out its prothallium, the pollen-tube, p.t. 

Fig. 484. Megasporangium (ovule) of an Angiosperm. meg. Megaspore. 

<m. Oosphere. p.t Pollen-tube. 

same structure as the prothallium of the higher Cryptogams. 
Its exact nature is for the present undetermined. 

i * 

The Gametes. • 

In the lowliest Alga; the gamotes t are not very different in 
appearance from the zoogonidia which the same plants produce, 
and are liberated in large numbers from the cells in which they 
originate {fig. 485). They are somewhat pear-shaped masses of 
protoplasm, without any protective coat, and are motile by 
means of two long tails or flagella of protoplasm, which spring 
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from the narrow end of each mass. There is no difference 
Ijptween the gametes of such plants, which are consequently 
called isogamous. In certain other isogamous Algee {fig. 486) 
the gametes are produced singly in each cell, and are then -of 
greater dimensions, 
and are not furnished 
with flagella. These 
are not discharged into 
the water, as are the 
flagellate ones. The 
body arising from the 
fusion of the gametes 
of isogamous plants at 
once secretes round 
itself a delicate cell- 
wall, and is called a 
zygospore. 

In others of the 
Algse the gametes begin to show a greater degree of differentia¬ 
tion. In some species of Ectocarjms, though they are exter¬ 
nally similar, certain of them come to rest much earlier than 
the others. In Cutleria they are of two sizes; they all swim 


Fio. 485. 



Fig. 485. Part of a filament of Ulothri.v from which 
the gametes, g, are escaping. g\ Free gamete. 
f/ 2 , fir 3 . Gametes conjugating. 


Fio. 48G. 



Fig. 48G. Conjugation in tyoirogyra. Two filaments are lying side by side, 
and from cells opposite to each other protuberances are growing out to 
jneet. a,a\ Fitch produces a gamete, b. When the protuberances have 
met Riid fused, one gamete passes over and unites with the other, c. 
d. Adnlt zygo«i»ore. 

• 

about on their being liberated from the plant, but the larger 
soon come to rest, while the smaller maintain their power of 
motion much longer. In this plant the gametes of different 
dimensions are developed in receptacles or gametangia of 
different form. The more active ones are held to be male; 
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those which soonest lose their motility, female. Plants with 
such gametes are called heterogamous. 


Fia. 487. 



h'ig. 487. Conjugation in Munir Mu- 
cnlo. h. Two hyphee which have 
come into contact at their apices, 
and eacli lias out off from itself a 
cell. zpg. Zygospore resulting from 
the fusion of these cells, zpg.' 
Adult zygospore after germination. 
p. Promycelium bearing a sporan¬ 
gium, up. 


In the lowliest Fungi, such as 
Mucor, we have gametes produoed 
on special branches of the myoe- 
lium ( fig. 487). These are un¬ 
differentiated masses of proto¬ 
plasm which are never set free, 
but coalesce in consequence of 
the fusion of the cells in which 
they are formed. 

In plants which are higher in 
the scale than those mentioned 
we find two kinds of gametes 
distinctly recognisable, which are 
truly male and female. 

The male gamete in the Cryp¬ 
togams which live under such 
conditions that the coalescence of 
the sexual cells is brought about 
through the medium of water is 
generally a free-swimming piece 
of protoplasm, furnished with cilia 
or flagella like those of the gametes 
of isogamous plants (fig. 488). 
The shape is usually clavate or 
filamentous, and with very few 
exceptions these gametes have 
no cell-wall. They are known 
as antherozoida. In most Bed 



Keaweeds they have no cilia, and become clothed with a cell- 
wall after their liberation from the gametophyte. In certain of 
the Fungi, especially the Lichens, similar bodies occur, which 
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always have a oell-wall. Both these are frequently called 
ermatia, to distinguish them from the motile forms. There 
is some doubt as to the true nature of the spermatia in the latter 
group, many botanists inclining to the view that they are gonidia, 
and not gametes. 

Throughout the groups of the Mosses and Vascular Crypto¬ 
gams the ciliated antherozoid is always found (fig. 488). It is 
known to occur also in a few genera of the Gymnosperms, 
Cycas, Zamia , and Qirikgo. 

Fia. 489. 



t’ig.i 89. a. Branched mycelium of Cyttopm with \oung oogonia, og, ng. 
b. Portion of m>cellum bearing oogonium, og, with the oosphere, os ; and 
antheridium or jiollinodium, an. c. Mature oogonium, with os, the 
oospore, d. Mature oospore. K, F. Formation of swarm-spores or zoo¬ 
spores, o, from the oospores. (, t. Protruded endospore. After I)e Bary. 

In other forms in which the coalescence does not take 
place by means of water, the male gamete is only a mass of 
undifferentiated protdplasm, usually of* very small size. It 
never escapes from the seat of its formation until conditions 
are such as to enable it at once to coalesce with the female 
gamete. This form is fountl in many Fungi, such as Cyttnpue, 
and in all the Phanerogams with the exceptions already men¬ 
tioned. It is always naked, never having a cell-wall apart from 
that of the cell in which it is formed (fig. 489). 

The female gamete does not show so much variation. Its 
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typical form is that of an ovoid or spherical mass of protoplasm 
without cell-wall or cilia, and it is termed an oosphere. It mar,- 
escape from the gametophyte, as in Fucus (figs. 495 and 496), 
or it may remain where it is formed, and become fused there 
with the male gamete, which reaches it in various ways, as will 
be described later. In the Bed Seaweeds it is not differentiated 
at any time. 

The product of the coalescence of differentiated dissimilar 
gametes is termed an oospore. It immediately clothes itself 
with a cell-wall. Both zygospores and oospores are sometimes 
termed zygotes. 

The Gametangia. 

As the structures in which the spores are produced are called 
generally sporangia, so the term gametangia may be applied to 
those bodies in which the gametes arc formed. 

In isogamous plants the gametangia, like the gametes, are 
indistinguishable from each other. In most cases the gametan- 
gium is a single cell of the filament, showing no difference from 
any of the other cells. Sometimes the contents of the gamet- 
angium divide up into a large number of gametes ( fig. 485); in 
other cases the whole of its protoplasm becomes rounded up 
jnto a single one (fig. 486). 

A similar absence of differentiation marks the gametangia 
of some of the heterogamous forms. Usually, however, those 
which give rise to antherozoids are \ery different from those 
which produce oospheres. The former are generally called 
antheridia, the latter oogonia or archegonia , the last named 
being the most complex in structure. 

The antheridium is usually a somewhat ovoid body, composed 
of several cells ; it is often stalked, and in some cases furnished 
with a kind of lid. In Chara it is globular and of very complex 
structure. In the lower plants it is unicellular in many cases, 
and may then produce a single antherozoid. In certain of 
the Fungi it takes the form of a somewhat club-shaped branch 
of the mycelium, and is called a pollinodium (fig. 489, an). 
In Salvinia it is the apex of a tube-like outgrowth from the 
microspore. In the Angiosperms, where again the gametophyte 
springing from the microspore is along tubular outgrowth, the 
antheridium is not differentiated. 

The gamotangium producing the oospheres is in some cases an 
oogonium, in others an archegonium. The former is unicellular, 
and may, as in Volvo*, be hardly distinguishable from any 



MORPHOLOGY OF REPRODUCTIVE ORGANS 228 


other cell of the plant. In other eases it is an ovoid or spherical 
Jpody, often mounted on a stalk. It usually produces one 
oosphere, and this often remains in it until fertilisation. In Fucus 
(figs. 498-496) it contains eight oospheres which are released 
by a rupture of the oogonium wall, and come into contact with 
the antherozoids after their escape. In Chara (fig. 490, «) the 
oogonium is surrounded by an investment of cells which enclose 
it, except at the apex. 


Fin. 490. 



Ftg. 490. a. Portion of the axis of Cham 
fragilix. x. Nucule or oogonium, a. Globule 
or antheridium. b. Intcmode. c. Crown or 
corona of nucule. /3. Abortive loaves. 0', 
0",0". Sterile leaflets, it. xfr. Nueulo, and a t 
globule, both in an early stage of develop¬ 
ment. tc. Nodal cell of leaf. u. Union cell 
between it and basal node of globule. 1. 
Cavity of internode of leaf. hr. Cells of leaf 

covered with cortex. After Sachs.- Fig. 

191. A portion of a filament,/?/, of fig. 492, 
in the cells of which the antherozoids are 
developed ; with a 2-eiliated antherozoid by 
its side. — Fig. 492. A globule cut in half 
to show tlte oblong cells or manubria, c, and 
the separate filaments,/!/^ After Henfrey. 


Fm. 401. 



Fin. 492. 



In plants above the Thailophytea the female gametangium 
is an archegonium. It is multicellular, and consists of a swollen 
basal portion or venter containing the oosphere, and surmounted 
by a neck or narrow portion, the length of which varies in 
different groups of plants (fig. 497). 

A good deal of difference in completeness of differentiation 
of the gametangium is found in different groups. Its reduction 
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reaches its greatest extent in the Angioaperms, where the- 
archegonium is apparently unrepresented, or represented onlj 
by the oosphere, the latter being one of tho few cells to which 

Fio. 498. 



Pro. 495, 



Fig. 493. Vertical section of a female concepta^ile of Fueua veaiculovu 

containing oogonla and parapli} ses. After Thurct.- Fig. 494. 

Antheridia, a, a, on the branched hairs of the male oonoeptaclc. 
After Tlmret.- Fig. 496. Oogonium with the oosphereB fully differen¬ 

tiated and disengaging theipselvea from their coverings. After Thuret. 

- Fig. 498. An oosphere surrounded by aPnumber of antherozolds, one of 

which ultimately fuses with it. 

the gametophyte is reduced, all of which lie in the inside of the 
megaspore. In such Fungi as possess an oogonium (fig. 489, og) 
it is rudimentary, and consists only of a swollen head at the 
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end of a special branch, from which frequently both oogonium 
and pollinodium arise. 

In the Red Seaweeds the female organ, as we have seen, 
contains no differentiated oosphere. It is a unicellular or multi¬ 
cellular structure known as a procarp (fig. 498, pr), and consists 
of a slightly swollen basal portion, prolonged upwards into a fila¬ 
ment called the trichogyne, which is the part which fuses with 
the spermatium in fertilisation. The procarp does not open, but 
when the spermatium comes into contact with the trichogyne, 
the parts of the cell-walls which are touching become absorbed, 

Fio. 497. 



Fin. 497. Arcliegonium of u Liverwort (Mar- 
chantta). n. Neck. oos. Oosphere. a. Au- 

tlierozoids.- Fig. 498. Procarp of one of the 

Red Seaweeds, tr. Trichogyne. sp. Sper- 
mafcia. After Kny. 

and the’eontents of the spermatium pass into the procarp through 
the opening. A somewhat similar arrangement is described 
for certain of the b'uqgi, where it is called an archicarp. 

JThe position of the gaiuetangia vafies in different plants; 
in some they may occur on any part of the plant body, which 
gives no indication of special differentiation with a view to their 
occurrence; in others, particularly those whose gametophyte 
shows complexity of structure, they are confined to particular 
portions which are modified in a way that suggests the sporo- 
phore or inflorescence of the differentiated sporophyte. The 
greatest specialisation is shown in certain of the thalloid 
VOL. x. Q 


Fio. 498. 
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Liverworts (figs- 499 and 500), where both antheridia and 
archegonia are borne upon special erect branches of the thallu* 
These differ in form: the antheridial receptacle is a body with 
a flattened head, on the upper surface of which the antheridia 
are placed in narrow pit-like depressions ; the archegonia occur 
on the under side of a similar vertical receptacle, which shows 
radiating rib-like branches spreading out from the axis. The 
archegonia are here surrounded by modified leaves constituting 
the perichcctium. A less evident specialisation is seen in the 
Mosses and Ferns. Generally in the former, both antheridia 
and archegonia occupy the summit of special leaf-crowned 
branches, and are surrounded by hairs of curious form known 


Fig. 499. 


Fio. 500. 




Ftg. 499. Portion of the t lmllug of Mar - 

chantta lieuiin^ antheritlml branch.- 

Fig. 500. ArchctfoJiiul branch of Mar- 
chantiu. pc. Purlcliaitiimi. 


as puraphtjscs (fig. 501). In the latter the sexual organs are 
generally confined to a thickened portion of the prothallium, 
extending centrally along the under side and known as the 
cushion. 

In such of the Algte as show a differentiation of their body, 
simulating stem and leaf, the gametangia g,re borno upon those 
portions which resemble the latter. In Fucus and its allies, in 
which the plant body is a thalloid shoot, there are special ter¬ 
minal collections of them, each being formed of a number of 
almost closed depressions or pits, known as conccptacles (figs. 5 
and 493). In some species each conceptacle oontains both 
antheridia and oogonia, in others only one or the other kind. 

In consequence of the generally slight morphological differ¬ 
entiation of the gametophyte as compared with the sporophyte, 
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we find a somewhat different distribution of the reproductive 
organs in the two cases. As we have seen, the sporangia are' 
usually borne upon leaves which may bo highly specialised or 
may be almost indistinguishable from the foliage leaves. Tho 
occurrence of axial sporangia is much less common, though, as 
we have seen, it is met with in many very diverse groups. On 
the other hand, the gametangia are much more generally axial 
in origin, rarely being found on leaves, and then on those which 
are not highly specialised. 

In the Mosses and Ferns and their allies the sporophyte is 
at its origination always attached to the gametophyte, in con- 

Piu. 301. 
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Fig. 501. Vertical section through apex of male plant of a Moss, Mniutn ho mum 
( x 40). an. Antheriflia. par. Purupliyses. 

sequence of the zygote germinating without being set free from 
tho archegonium. The spore is, however, always detached from 
the sporophyte before germination. This is not the case in tho 
Phanerogams, where, from tho mode of its development, the 
megasporo always remains in tho sporangium. Tho microsporo 
in these plants is, on the other hand, always set free. 

As wo have thus cases in which the gametophyte, which 
bears the female cell, is developed in the spore while the latter 
remains in the sporangium, and others in which the spore escapes 
before the gametophyte arises from it, we find two methods of 
fertilisation which are characteristic of those respective groups. 
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Where the spore produces the gametophyte after liberation 
from the sporangium, fertilisation takes place by a free-swimming 
antherozoid making its way to an arehegonium, down the neck 
of which it passes to the oosphere. Where the megaspore 
remains attached to the plant its prothallium or gametophyte is 
inaccessible to antherozoids, and these are therefore not de¬ 
veloped. The microspore is carried by various agencies to the 
tissue either of the megasporangium itself as in the Gyrnno- 
sperms, or to the sporophyll or carpel which bears the mega- 
Bporangium (ovule) as in the Angiosporms. The prothallium 
produced from the microspore, which we have seen is a long 
tubular outgrowth known as the pollen-tube, bores its way 
through the tissue on which it finds itself and makes its way 
into the interior of the megaspore, now containing its gameto¬ 
phyte (figs. 488 and 484, p.t.). The male gamete fuses with 
the oosphere, forming a zygote, as in other cases. As usual, 
the latter surrounds itself with a cell-wall. In the Angiosperms 
it very shortly afterwards divides into tw'o cells, of which the 
upper one becomes the auspensor, consisting of a chain of cells 
in consequeneo of repeated transverse divisions. The lower 
develops into the embryo or young sporophyte. In the Gyrnno- 
sperms tho suspensor and the embryo are produced somewhat 
similarly, but from only part of the zygote. The embryo, after 
a short period of active growth, becomes quiescent and remains 
inside the spore for a considerable period. The megaspore, 
still enclosed in its sporangium, now contains the gametophyte 
and the young sporophyte to which the latter has given rise, 
and constitutes the body which is called the seed. No further 
development takes place until the latter becomes detached from 
the parent sporophyte. 

In some of the Gynmosperms the process is somewhat 
different. There arc several archegonia in the prothallus or 
endosperm, and each contains its oosphere. More than one 
may become fertilised, and consequently more than one young 
sporophyte may be originated. In many,genera also the zygote 
gives rise to more than one embryo. This phenomenon is known 
as polyembryony. Though many embryos are thus produced, 
only one as a rule matures. < 

It is evident from the history of development that only such 
plants can produce seeds as have all the stages of the life of the 
gametophyte carried out while the latter is attached to the 
parent sporophyte. 
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CHAPTER III. 

MORPHOLOGY OP THE FRUIT AND SEED. 

The Fruit. 

The act of fertilisation not only stimulates the further develop¬ 
ment of the oosphero, but brings about changes in neighbouring 
parts which are not directly concerned in the sexual process. 
The parts so modified may belong to both gametophyte and 
sporophyte as in the Phanerogams, or to the gametophyte alone 
as in the Cryptogams. The gametophyte in the Angiosperms, 
as we have seen, undergoes changes, leading to the formation of 
the endosperm; the tissue of that part of the sporophyte in 
which it is embedded is also modified in various ways, especially, 
though not exclusively, the sporophyll or carpel in which the 
megasporangium is found. The structures resulting from any 
such development of the sporophyte form what is known as the 
fruit. 

Among the structures which are often called fruits in the 
Cryptogams we must include such forms as the cystoearps of 
some of the Red Seaweeds, in which the wall of the structure 
is derived from certain cells which are in the immediate neigh¬ 
bourhood of the sexual gamete. Rudimentary forms of fruit 
may also be recognised in the Mosses. In these cases, however, 
the modified structure is always derived from the gametophyte, 
and is not morphologically comparable to the fruit of the 
Phanerogams. 

It is, however, ii^the group of the Phanerogams that we find 
thg greatest variety of fruit, which we must now examine in 
some detail. 

Changes in the Pistil during the development of the Fruit. 

The fruit, being generally the ovary after a certain amount 
of development or alteration, should correspond with the latter 
in its structure. This is often the case, and the fruit consists of 



230, 


MANUAL OF BOTANY 


the same parts as the ovary, but in a modified condition. 
The walls of the ovary commonly alter in texture, and cithe* 
become dry, membranous, coriaceous, woody, &c.; or, on the 
contrary, more or less pulpy, fleshy, &c. 

In other cases more important changes take place during the 
ripening of the ovary which disguise the real mode of construc¬ 
tion of the fruit. These changes arise either from the addition, 
abortion, or alteration of parts. 

1st. The addition of parts is oommonly produced by the 
formation of the spurious dissepiments already alluded to. In 
Datura Stramonium, for instance, we have a two-celled ovary 
converted into an imperfectly four-celled fruit by the formation 
of a spurious vertical dissepiment (figs. 419 and 420); this 
dissepiment appears to be formed by the projection of the 
placentas on the two sides, which meet and become united to 
corresponding projections from the dorsal sutures. In Cassia 
fistula (fig. 417), again, and some other fruits of a similar 
nature, we have a one-celled ovary converted into a many-celled 
fruit by the formation of a number of transverse dissepiments. 
In Pretrca ssanguebarica, a one-celled ovary is converted into a 
six-celled fruit (fig. 502) by an extension and doubling inwards 
of the placenta. In Tribulus terrestris the ovary is five- 
celled ; but as it approaches to maturity, each cell (figs. 503 and 
504) becomes separated into as many divisions as there are seeds 
contained within it, in consequence of a corresponding number 
of projections from its walls. Other examples of the formation 
of spurious dissepiments producing changes in the ovary have 
been already mentioned. 

2nd. Other alterations are produced by the abortion or 
obliteration of parts, as the ovary ripens. The young ovary 
of the Oak consists of three cells, each of which contains two 
ovules, but the fruit has only one cell and one seed, so that in 
the course of development five ovules and two cells have become 
obliterated. In the Birch we have an ovary with two cells, 
containing one ovule in each, but the fruit is one-celled and one- 
soeded, so that here one cell and one ovule have become 
obliterated. In the Ash, Horse-chestnut, Elm, and many other 
plants, similar changes are produced by the abortion or oblitera¬ 
tion of certain parts of the ovary. 

3rd. Changes are frequently caused in the ovary from a great 
development of succulent parenchyma. This is associated also 
with changes in the contents of the cells of the parenchyma, 
which become charged with sugar, vegetable acids, and various 
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flavouring matters, giving it? peculiar character to each fruit. 
^The pulp of the Guava, Gooseberry, Tomato, and some other 
fruits, in which the seeds are embedded, appears to be produced 
from the placentas ; and that of the Orange is of a similar nature. 
The succulent parenchyma in other cases becomes dry and hard, 
leading to the formation of woody or papery fruits. 

Although the fruit may thus be described as consisting 
essentially of the ovary or ovaries, modified in the directions 
described, other parts of the flower are also frequently present, 
and enter into its composition. In those cases where the 


Pm. 60S. 



Fig. 502. Transverse section of the fruit of Preiron zanguobn From 

Liinlloy.- Pip. 503. A vertical seotion of acoUof the ovary of Ti ibnlux 

terroxtrix. 0 , 0 , 0 . Ovules. t\ Projections from the wall whirl fire com¬ 
mend n# to separate the ovules.- Fit/. 504. A vertical section if a cell of 

the mature ovary or fruit of the same, in which the parfcitio us, c, com¬ 
pletely separate the seeds, g. - Fig 505. Pseudoearp of the Strawberry. 


rcceptacnlar tube is adherent to the ovary, as in the Apple, 
Quince (fig. 290), Pear, Melon, and Gooseberry, it necessarily 
forms a part of the fruit; in the Rose the concave thalamus 
(fig. 285, r, r), which boars the carpels on its inner surface, 
becomes a portion of the fruit; in the Strawberry (fig. 505) the 
fruit consists of the succulent hemispherical thalamus, bearing 
the carpels on its convex surface; in the Acorn (fig. 197), 
Hazel-nut (fig. 198), and Filbert, it consists of pistil and bracts, 
combined together. 

We have further a third kind of fruit, in the construction of 
which several flowers take part; in the Pineapple (fig. 167) it 
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consists of their ovaries, floral envelopes, and bracts, all of which 
have coalesced and become succulent; in the Fig also (fir/. 20 % 
we have a fruit produced by a number of separate flowers en¬ 
closed in a hollow flpshy receptacle. These examples show, that 
although the fruit consists essentially of the modified ovary, yet 
the term is also applied to whatever is combined with the ovary 
so as to form a covering to the seeds. Fruits which are formed 
from a single flower, but not entirely from the pistil, are now 
commonly termed spurious fruits or pseudocarps, while those 
formed entirely from the pistil are called true fruits. Those 
which are formed from several flowers are known as aggregated 
or anthocarpous fruits. 

Gknebaj, Chabactebs or the Fruit.—T he structure of the true 
fra it resembling in all important particulars that of the ovary, the 
modifications which it presents, as to composition, position, &c., are 
described by similar terms. We may have simple or monocarpellary 
and compound or polycarpellary fruits; also apocarpous and syn- 
carpous ones. Simple fruits, like simple ovaries, are normally 
one-cellcd or unilocular ; while a polycarpellary fruit may have one 
or more cells, according to the absence or presence of dissepiments, 
and the number of cells is indicated by terms similar to those used 
when speaking of the compound ovary. 

The fruit, like the ovary, necessarily possesses one or more 
placentas, to which the seeds are attached; and the same tenns 
are used in describing the different kinds of placentation, as in the 
caso of the ovary; these differences are usually more evident in 
the fruit. 

The fruit, again, is described as superior or inferior, in the 
same sense as these terms are used in speaking of the ovary. 

A fruit is inferior when it is formed from an inferior ovary, as in 
the Melon; it is superior, as in the Mignonette (fig. 209) and Pea 
(fig. 512), when the ovary is superior, and the calyx non-adherent. 
Inferior fruits should, strictly speaking, be classed with pseudocarps, 
as they include parts of other structures than the pistil. They are 
generally, however, reckoned among true fruits. 

The base of the fruit is that point by which it is united to the 
thalamus; the apex is indicated by the attachment of the style; 
henoe in those ovaries where the style is lateral or basilar, as in 
many Rosacea (figs. 441 and 442), Ldbiata (fig. 412), and Bora- 
ginacea (fig. 413), the organic apex of‘the fruit will be also thus 
situated, so that the geometrical and otganic apices will be very 
different. 

Composition of the Fruit. —The fruit when perfectly formed 
consists of two parts: namely, the pericarp, and the seed or seeds 
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contained within it. In the majority of cases when the seeds 
a«e abortive the pericarp withers, and the fruit does not ripen. 
But there are many exceptions to this; the Bananas and many 
Oranges and Grapes produce no seeds, but the pericarp is never¬ 
theless fully developed; and in Plantains and the Bread-fruit 
the perioarps develop most extensively, and become best adapted 
for food, when the seeds are chiefly or entirely abortive. 
Generally speaking, however, the development of the seeds and 
pericarp proceeds together after the process of fertilisation has 
been effected, and only then can perfect fruit be formed; for 
although in common language we apply the term fruit in those 
instances where no seeds are produced, yet strictly ,.peakin'- 
such are not fully formed fruits, but only enlarged and swollen 
pericarps. 

The Pericarp. 

In some cases the pericarp clearly indicates its homology 
with a leaf-blade by remaining in a condition not very dissimilar 

Fia. r.OG. 



Fig £06. *< >ftu« bladdery legume of the Bladder Senna 

((Joint ea arborexerm). 


to that part of a leaf folded inwards and united by its margins, 
as in the Bladder Senna (fir}. 506); such a fruit is described as 
foliaceous or leafy. 

In the majority of fruits the pericarp consists simply of the 
modified walls of the ovary; but when the calyx or receptacle 
is adherent it necessarily presents a more complicated structure. 

The pericarp sometimes exhibits three layers or regions (fig. 
584): an external, called the epi-arp or exocarp, ep ; a middle, 
the 'mesocarp, mt; and an inner, the endocarp, cn. If the 
middle layer becomes fleshy or succulent, it is then termed the 
earcocarp; the inner layer in some fruits becomes very hard, 
and is then called the atone or putamen. 

These layers axe well seen in the Peach, Apricot, Cherry, 
Flum, and most other drupaceous fruits; the separable skin is 
the epiearp; the pulpy part, which is eaten, the mesocarp or 
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sarcoc&rp; and the stone enclosing the seed, the endocarp or 
putamen. In the Almond, the seed is enveloped by a thf’n 
woody shell, constituting the endocarp, which is itself surrounded 
by a thin green layer, formed of the combined mesocarp and 
epicarp. In the Date the outer brownish skin is the epicarp ; 
the thin paper-like layer enclosing the seed is the endocarp; 
and the intermediate pulpy part is the mesocarp or sareocarp. 
In the Walnut, the woody shell enveloping the seed, which is 
commonly termed the nut, is the endocarp ; and the green 
covering of this, called the husk, consists of the mesocarp and 
epicarp combined. In these fruits, and in others which might 
be quoted, the pericarp is more or less differentiated into 
separate layers; but in most cases no suoh differentiation can 
be observed. 

In describing the structure of the carpel, we found that the ovary 
presents two sutures: one of which, called the ventral suture, 
corresponds to the line of union of the margins of the lamina of the 
carpellary leaf, and is consequently turned towards the axis or centre 
of the flower; and the other, termed the dorsal suture, corre¬ 
sponds to the midrib of the lamina, which is directed towards its 
circumference. The simple fruit being formed, in most eases, 
from the mature ovary, also presents two sutures, which are 
distinguished by similar names. These, like those of the ovary, 
may frequently be distinguished externally, either by a more or 
less projecting line,or by a slight farrow; in the Peach (fig. 537), 
Cherry, Plum, and Apricot, the ventral suture is very evident, 
although the dorsal suture has become nearly effaced ; while in the 
Bladder Senna (fig. 506), Pea, and other fruits of the Lcgumirwsie, 
both dorsal and ventral sutures are clearly visible externally. 

In a polycarpellary ovary with two or more cells, in which the 
plaeentation is axile, it must be evident, of course, that the dorsal 
sutures alone can be observed externally, as the ventral sutures of 
the component ovaries are turned towards and meet in the axis of 
the flower, and are hence removed from view; it follows also that 
the number of dorsal sutures corresponds to the number of carpels of 
which suoh an ovary is formed. In a Iruit presenting similar 
characters, we find of course a similar disposition of the sutures. 
When an ovary, on the contrary, is formed of the blades of two or 
more carpellary leaves, the margins* of which are not inflected, 
or only partially so, and is therefore one-celled, and the plaoentation 
parietal or free central, both ventral and dorsal sutures may be 
observed externally, alternating with each other. The fruit, which is 
formed in a similar manner, necessarily presents a similar alter¬ 
nation of the sutures on its external surface. 
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Dehiscence. —The pericarp in some cases opens or splits 
wfcen the fruit is ripe, so as to allow the seed or seeds to escape; 
in other cases it remains closed, and the seeds can then only 
become free by its rupture or decay. In the former case the 
fruit is said to be dehiscent ; in the latter, indehiscent. Those 
fruits such as the Nut, Cherry, Apricot, Plum, and Date, which 
have very hard or fleshy pericarps, are usually indehiscent. 

Dehiscent fruits open in various ways:— 

1st. By splitting longitudinally, either in the lines of the 
dorsal sutures, or at the junction of the component carpels only, 
or at these points as well as at the dorsal sutures. In all such 
cases the pieces into which the fruit separates are called valves, and 
these valves, when the fruit is normal in its structure, are either 
equal in number to the cells, or component carpels, or they are twice 
as numerous. In fruits formed of a single carpel, which open only 
by the ventral or dorsal suture, there will be only one valve ( figs. 
510 and 511), corresponding to the one carpel ; but if the carpel 
opens by both sutures (Jig. 512), there will be two valves. In fruits 
composed of several cells the valves will be equal in number to the 
component carpels, if the dehiscence takes place only by the dorsal 
suture (figs. 516 and 517), or in the line of union of the component 
ovaries (figs, 513 and 514); or they will be double the number, if the 
dehisoence takes place by both these parts. In polyearpellary one- 
celled fruits the valves will be equal in number to the component 
carpels, if the dehiscence occurs only by the ventral ( fig. 522) 
or dorsal sutures (fig. 515); or double the number, it by all the 
sutures. When there is a distinct axis left after the separation 
of the valves, this is called the columella (fig. 543, a). 

2nd. By splitting transversely, so that the upper part of the 
fruit separates from the lower like the lid from a jar or box. 

3rd. By rupturing in an irregular manner by little pores. 

We have thus three kinds or classes of dehiscence, which are 
called respectively:—1. Valvular ; 2. Transverse or Circumscissile ; 
and 3. Porous. 

1. Valvular Dehiscence.— This may be either partial or com¬ 
plete: in Dianthus (fitf. 508), Lychnis (fig. 507), and many other 
members of the Caryophyllacecc, the dehiscence takes place only at 
the upper part of the fruit, which then appears toothed, the number 
of teeth corresponding to that* of the valves in complete dehiscence. 
A somewhat similar mode of partial dehiscence occurs in certain 
Saxifrages, and in the Mignonette (fig. 509); in the latter plant one 
large orifice may be observed at the summit of the fruit at an early 
stage of its growth, and long before the seeds are ripe. At other 
times the separation of the fruit into valves is more or less complete, 
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so that the nature of the dehisoence is at once evident. There are 
various modifications of these complete forms of valvular dehiscence. 
In fruits which are formed of hut one carpel, the dehiscence may 
take place by the ventral suture only, as in the Columbine (fig. 610) 
and Aoonite (fig. 553); or by the dorsal suture only, as in some 
Magnolias (fig. 511); or by both dorsal and ventral sutures, as in 


Fio. 607. 


Fio. 508. 


Fta. 509. 



Fig . 507. Fruit of Lychnis. - Fig. 508. Fruit of Dianthus .—- Fig. 509. Fruit 

of Mignonette (Reseda). - Fig. 510. Follicle of Columbine (Aguilegia) 

dehiscing by ventral suture.- Fig. 511. Follicles of Magnolia glanca 

each dehiscing by Its dorsal suture. The seeds are suspended from the 

fruits by long stalks or funiculi.- Fig. 512. Legume of the Tea, which 

has opened by both dorsal and ventral sutures; hence it is two-valved. 
c. Calyx, ep. Epicarp. pi. Placenta, or. Seeds attached to the placenta 
by a funiculus or stalk,/, en. Endocarp. « 


the Pea (fig. 512), Bean, and many other members of the Leguminosce. 
This form of dehiscence is commonly Jtnown as sutural. 

In compound fruits having two or more cells, and therefore axile 
placentation, there are three kinds of valvular dehiscence, which are 
called respectively septicidal, loculicidal, and septifragal. 

A. Septicidal Dehiscence. —In this the fruit is separated into its 
component ovaries or carpels by a division taking place between the 
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two halves of each dissepiment (figs. 514 and 513). Examples may 
be* seen in Colcfaicum and Rhododendron. Here each valve corre¬ 
sponds to a carpel, and the valves are said to have their margins 
turned inwards. In this dehiscence the placentas, with the seeds 
attached, are carried away with the valves, as in Colchicum (fig. 514). 

B. Loculicidal Dehiscence .—This term is used when each 
carpel opens by its dorsal suture, or through the back of the cells, 
and the valves separate from the axis, carrying the dissepiments 
with them (figs. 516 and 517). Here each valve is composed of the 



Fig. 613 Capsule of the Meadow Saffron (Colchicum autumnal? ), showing 

septicidal dehiscence.- Fit/. 614. * Diagram of septicidal dehiscence, 

showing the placentas and seeds dhrrnxl away with the valves.- Fig. 

516. Oue-celled frflit of Heartsease (Viola Incolor), dehiscing in a loculi¬ 
cidal manner.- Fig. 610. Capsule of a species of Jhbuciu, dehiscing 

loculicidally. v , v, v. Valves, c. Dissepiments, g. Seeds.- Fig. 617. 

Diagram of loculicidal dehiscence, in which the valves carry the placentas 
with them. 

united halves of two adjoining carpels, and the valves hear the 
dissepiments in the middle. Examples may be seen in the Iris 
(fit 7-.S62) and Hibiscus (fig. 516). 

C. Septifragal Dehiscence .—In this form of dehisoenoe the 
carpels open by their dorsal or ventral sutures, as in loculicidal or 
septicidal dehisoenoe, and at the same time the dissepiments rupture, 
so that the valves fall away, leaving the seeds attached to a central 
column (figs. 619 and 620). This form of dehisoenoe may be seen 
in Dalura Stramonium (fig. 621) and Cedrela (fig. 519). The pla¬ 
centas bearing the seeds are here attached to the axis, a, between 
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the dissepiments, c, c. Septifragal dehiscence may be combined with 
either the loculicid&l or septioidal form (figs. 520 and 518).. r 
In polycarpellary fruits with one cell having parietal or free 
central placentation, we have two forms of dehiscence; these corre¬ 
spond to the ordinary septacidal and looulioidal kinds just described. 
In compound fruits with parietal placentation, the dehiscence 
may take place through the confluent margins or sutures of the 
adjoining carpels, so that each placenta is divided into its two 
lamellffi, as in the species of Gentian (fig. 522). In this case the 


Fig. 518. Fig. 520. Fig. 621. 



Fig. 518. Diagram of Beptlfnigal combined with septioidal dehiscence, show¬ 
ing the valves breaking away from a central column formed by the union 

of ttie placentas.- Fig. 519. Capsule of Crdrela aagusttfotia, showing 

aeptifrogal dehiscence, r, v, v. Valves. a. Axis bearing the dissepiments, 

c, e, and seeds. {/.- Fig. 620. Diagram illustrating septifragal combined 

with looulioidal dehiscence.- Fig. 621. Capsule of Datura Stramonium , 

showing septifragal dehiscence. 


dehisoence takes the septioidal form, and each valve therefore 
represents one of the component carpels ot the fruit. The dehis¬ 
cence may, on the other hand, take place through the dorsal sutures, 
as in the Pansy (fig. 515), in which case it is looulioidal, and each 
valve is composed of the adjoining halves of two carpels. These 
forms may be readily distinguished by the varying attachment 
of the placentas and seeds in the two cases; in the former instance, 
each valve bears the placentas and seeds on its two margins (fig. 
522); in the latter, the placenta and seeds are attaohed to the centre 
of each valve (fig. 515). It happens in some cases, as in the fruit 
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of the Wallflower (fig. 523), that the placentas bearing the seeds 
rejpain undivided, and the valves break away from them, so that 
they are left attached to a frame or rcplwn, which is a spurious 
dissepiment derived from the placentas. 

In polycarpellary fruits with free central placentation, the same 
forms of dehisoence occur as in thoBe with parietal placentation, but 
here it is difficult in many cases to speak positively as to the nature 
of the dehiscence from the absence of seeds or dissepiments upon 
the valves. The plan usually adopted is to count the number of 
the valves and compare their position with that of the sepals or 


Fig. 522. Fig. 523. Fig. 524. 



J-'ni 522. One-wlletl fruit of a species of Gentian (lehiscmg in a sepfciciilal 

manner.- Fig. 523. Fruit of siliqna of tiio Wallflower, showing the 

separation of two valves from the replum.—- /’if/- 524. Fruit of 
CelauJine (Chelidonium magus'), with tlie valves separating from the 
placentas. 

divisions of the calyx. As the different whorls of the flower in 
a regular arrangement alternate with one another, the component 
carpels of the fruit should alternate with the sepals or divisions of 
the catyx. Therefore if the fruit separates into as many portions as 
there are sepals or parts to the calyx, and if these valves are then 
placed alternate to them, they ^present the component carpels, and 
the dehiscence is consequently of the septicidal type; if, on the 
contrary, the valves are equal and ‘opposite to the sepals or divisions 
of the calyx, each valve is composed of the adjoining halves of two 
carpels, and the dehiscence is of the loculicidal type. Sometimes 
the number of valves is double that of the oalycine segments or 
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sepals, in which case each valve is formed of half a carpel, the 
dehiscence of the fruit having taken place by both its dorsal and 
ventral sutures. 

In all these varieties of valvular dehiscenoe, the separation 
may take place either from above downwards, which is by far the 
more usual form (figs. 513, 516, 519, and 521}; or occasionally from 
below upwards, as in the Celandine (fig. 524), and universally in 
the members of the Crucifer os (fig. 623). 

In some fruits the carpels separate from each other without 
opening; some of these show the axis elongated, forming a columella 
or carpophore, as in the Mallow, and in the Geraniaceai (fig. 626, a) 

and Umbellifcrai (fig. 540). The 
carpelB which are united to it 
separate from it withdut their 
ovaries opening. The ovaries of 
such carpels sometimes open 
afterwards by their dorsal su¬ 
tures (fig. 543, sd). When such 
carpels separate with a certain 
amount of elasticity from the 
axis to which they are attached, 
as in some Euphorbiacea, they 
have been called cocci (fig. 543, 
c, c, c). All fruits the carpels of 
which separate from each other 
without opening are called 
schixocarps ; they are indehis- 
cent fruits, as the primary split¬ 
ting does not set the seeds free. 

In certain fruits, such as 
those of Linum catharticum, 
the ovaries open first by their 
dorsal suture, and then separate 
from each other septicidally. 

2. Tuanbvebbe on CiacuuscissiLE Dehiscence. —In this kind of 
dehiscenoe the opening takes place by a transverse fissure through 
the pericarp across the sutures, so that the upper part is separated 
from the lower like the lid of a jar or box'; as in Hyoscyamus (fig. 
527) and Anagallis (fig. 560). Sometimes the dehisoence only takes 
place half round the fruit, as in Jeffersonia, in which case the lid 
remains attaohed to the pericarp on one side, as by a hinge. 

In the Monkey-pot (fig. 528). the lower part of the ovary is 
adherent to the receptacular tube, and the upper portion is free; and 
when dehiscenoe takes place, it does so transversely at the part where 
the upper free portion joins the lower adherent one, so that it would 
appear as if the adherence of the calyx had some effect in this case 


Fiq. 525. 

xjU 


Fig. 526. 



Ftq. 526. Diagram of 
septifragul dehis¬ 
cence, In which 
the valves have se¬ 
parated troui the 
placentas, which 
remain as a central 
column with the 
seeds attached, 
Ftq. 52(5. Fruit of a 
species of Omni¬ 
um. c. Persistent 
calyx, a. Axis or 

car]>ophore from 

w'hicii the ovaries, 
o, o, with their 
styles, t, are se¬ 
parating. s. Stig¬ 
mas. 
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in producing the transverse dehiscence. Such fruits are sometimes 
cniled opcr culate, a term which is also applied by other botanists to 
all forms of transverse dehiscence in which the upper portion of the 
perioarp separates from the lower in the form of a lid or operculum. 

Transverse dehiscence may occur in fruits which are formed 
by a single ovary or carpel, as well as in the compound ones men¬ 
tioned above. The lomenta of Coronilla , Hedysarum (fig. 529), 
Ornitlwpus, Ac., separate in this way when ripe into as many portions 
as there are seeds. 

3. Porous Dehiscence. —This is an irregular kind of dehiscence, 
in which the fruits open by little pores or slits formed in their 
pericarps. These openings may be situated either at *he apex, 
side, or base oit the fruit; and they are described accordingly, a3 
apicular, lateral , or basilar. Examples of this kind of dehiscence 
are exhibited by the Poppy, in which several pores are placed beneath 


Fio. 527. 


Pio. 528. Fro. 529. 



Fig. 527. Frait of Henbane (flyosrgnmux) with transverse 

dehiscence. ThiB frait is termed a pyxis.- Fig. 528. 

Pyxis of the Monkey-pot (Tjecylhit oltaria). - Fig. 529. 

Loraentmn of a species of Hedysarum separating trans¬ 
versely into one-seeded portions. 



the peltate disc to whioh the stigmas are attached; and by Antir¬ 
rhinum (fig. 430), where there are two or three orifices, one of which 
is situated near the summit of one cell of the ovary, and the rest 
somewhere in the other. In various species of Campanula (figs. 
630, t, t, and 631), in which the ovary is inferior, and divided into 
several loculi, each of the latter openB externally by a single pore. 
The pericarp is composed by the adhesion of the receptacular tube to 
the wall of the ovary. Tile apertures are situated either at the sides 
(fig. 510, t, t ) or towards the base (fig. 631) of the cells, and are very 
irregular in shape. 

• 

Kinds of Fbott. —Many kinds of fruit have been described 
and several classifications have been proposed for them, but 
there is still not very great accordance among botanists upon 
this subject. 

We have seen that in most cases the fruit arises from changes 
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in the carpels in consequence of fertilisation. All these forms 
may be described as true frit its. It often happens however that 
other parts of the flower undergo similar modifications, and a 
number of structures result, in which the true fruits can fre¬ 
quently be distinguished separately. The idea of the fruit which 
is associated with these forms is a rather conventional one, its 


Fio. 530. Fig. 531. 



Fig. 530. Immature fruit of a Rpecics of Camjuinuhu p. Pericarp. t,t. Pores 
at the sides, c, c. Keceptacular tube united lielow to the wall of the fruit 

ho as to form a part of the pericarp.- Ft{j. 531. Fruit of a species of 

Camixinula dehiscing by por h at its base. 


leading features being succulence or palatability. Such fruits, 
originating, like the first group, from single flowers, we may speak 
of as spurious fruits or pseudocarps. A third form also is found, 
in which the 1 fruit ’ is the result of the more or less complete 
cohesion of a number of flowers, various parts of which, or the 
axis on which they are borne, have becom&*»ucculent. These 
may be called aggregated or anthocarpous fruits. 

A. True Fruits. 

Of these many varieties occur, rendering a classification 
necessary. As there is a possible broad distinction, based on the 
way they liberate their seeds, we may divide them intc Indc- 
hiscent and Dehiscent fruits. Further division may be based 
on the number of oarpels in each.' . 

Indehiscent Monocarpellary Fruits. 

1. The Achcne is a very small superior, one-celled, one- 
seeded fruit, with a dry indehiscent pericarp, which is separable 
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from the Heed, although closely applied to it. Such fruits may 
1* mistaken for seeds, but can bn distinguished from them by 
bearing on some point of their surface the remains of the style. 
This style is very evident in the Anemone (fig. 582). Examples 
may be seen also in the Clematis, and in the plants of the orders 
Labiatce and Boraginaceu> (fig. 588). In rare cases we find a 
fiower producing but a single achene. 

2. The Utricle, is a superior, one-celled, one- or few-seeded 
fruit, with a thin, membranous, loose pericarp, not adhering to 
the seed ; generally indehiscent,but rarely opening transversely. 

Fio. 535, 


Flit. 532. Vertical section 
of nil aohene of the* 
Pasque-flower (A wmoru- 
PuHattlla), The fruit is 
said to be tailed in this 
instance in consequence 
of beinf? surmounted by 

a feathery st.\le.- Fig. 

533. Achcnes of Bmrloss 

( Lpcn/wx). - Fig. 534. 

Vertical section of the 
druj m* of the Cfliefrry. <yt. 
Mpicarp. en, Kndocarp. 
nit. Mesocarp. g. Seed 
with embryo — Fig. 5j}5. 
Utricular fruit of Chmo- 
poihitm , surrounded by 
the persistent calyx. 

Examples of this kind of fruit may ho seen in Aviaranthus and 
Chcnopndii/m (fig. 585). 

8. The Caryopnis ,is a superior, ono-cejled, one-seeded, 
indeljiscent fruit with a thin dry membranous pericarp, com¬ 
pletely and inseparably united with the testa or skin of the 
seed (fign. 588 and 539). It is found in plants of the order 
Graminacccr,. This form must be carefully distinguished from 
a seed, with which it is often confused. 

^ 4. The Drupe. -.This is a superior, one-celled, one- or two- 
seeded, indehiscent fruit, having the pericarp altogether separ¬ 
able into three well-defined layers: namely, cpicorp, mesocarp, 
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and endocarp. Of these the epioarp is a thin akin; themesocarp, 
or aarcornrp, a fleshy or succulent mass; and the endocarp hard 
and woody. This layer is known as the atone or putmnen, 
hence the drupe is sometimes called a stone-fruit.- Examples are 
afforded by the Peach (Jigs. 586 and 587), Apricot, Plum, Cherry 
(fig. 534), and Olive. The fruit of the Almond presents all the 
characters of the drupo, except that the mesocarp is of a 
toughish texture instead of being succulent. The fruit of many 
Palms, such as the Date, is a drupe whoso endocarp is papery 

Fia. 536. Fia. 687. 



and whose seed instead is hard and stony. The latter must not 
be confused with the endocarp of the Plum, which it resembles 
in texture. Many fruits, such as the Cocoa-nut, which are 
sometimes termed drupes, are improperly so called, as they are 
in reality compound, or formed originally from two or more 
carpels or ovaries. They present other characters differing from 
those of monocarpellary fruits. 

The Raspberry (fig. 570) and Bramble bear a number of 
small drupes, or drupela, crowded together upon a conical dry 
thalamus. These form an etserio of drupes. 

Indehiacent Polycarpellary Frwita. 

/ 1. The Cypacla. —This differs from the achene by being 
inferior and bicarpellary. It occurs in all plants of the order 
Composites. When the calyx is pappose it remains attached to 
the fruit, as in Salsafy and Dandelion. 

. 2. The Glam or Nut is a dry, hard, indehiseent, one-celled, 
one- or two-seeded fruit, produced from an ovary of two or more 
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cells, with one or more ovules in each cell. During development 
ait the cells but one become obliterated, and this one contains 
usually a single seed, the other ovules not developing. The 
pericarp of the nut is not differentiated into layers, and the 
whole is more or less enclosed by a ctipulc. The Acorn (fig. 197) 
and the Hazel-nut (fig. 198) may be taken as examples. By 
some botanists the fruit of the Cocoa-nut Palm is called a nut, 


Fia. 538. 



Fig. 541. 


Fig. 539. 



Fig. 540. 


Fig. 542. 




Fit/. B38. Caryopeta or fruit of the Oat.-- Fig 530. Suction of the fruit of 

the Oat. p. Plumule, r. Radicle, s. Scutellum.- Fig. 540. Cremocarp 

or fruit of Angelica. - Fig. 611. Samara or fruit of the Maple.—- 

Fig. 542. Carcerule or fruit of the Mallow ( Malm ). 


but 'improperly, as its pericarp presents a distinction into epi- 
carp, mesocarp, and endocgrp. Such a fruit is often described 
as a fibrous drupe. It is not, however, a true drupe, as it is 
polycarpellary, 

y- 8. The Bchisocarp .—This term is applied to a number of 
fruits which split away from the axis into pieces corresponding 
to the constituent carpels. They differ from dehiscent fruits in 
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that the splitting does not liberate the seeds. The chief varieties 
are the following:— 

The Crewocarp. —An inferior, dry, indehiscent, two-celled, 
two-seeded fruit. The two cells, or halves, of which this fruit 
is composed, are joined face to face to a common axis or carpo¬ 
phore , from which they separate when ripe, but to which they 
always remain attached by a slender cord which suspends them 
(fig. .*540). Each half-fruit is termed a mcncarp, and the inner 
face the commissure. ESch portion of the fruit resembles an 
achene, except in being inferior; hence the name diachaimum 
has been given to this fruit. Examples of the cremocarp are 
afforded by the plants of the order UmbeUifcrte, but it occurs 
in no other order. 


Fin. 543. Eio. 544. 



/’if/. 513. fruit of the Castor-oil plaut (Ittnnux cottmunix), with thecsrpeln 
separating from each other without opening. «•, c, c. Carpels, a. Columella. 

sd. Dorsal suture where each carpel ultimately opens. - t'xg. 544. J'Vnit 

of Sandlxtx-tree (JJura crepitans). It iscoiujioscd of fifteen carpels which 
separate from the axis when ripe, ami burst with great force 


The Samara.—A superior, two- or more celled fruit, each 
cell being dry, indehiscent, one- or few-seeded, and having its 
pericarp extended into a winged expansion. Examples are 
afforded by the Maple (fig. 541), Ash, and Elm. By some 
botanists each winged portion of such a fruit is called a samara, 
and such fruits as tho Maple ttro considered to be formed of two 
united samaras. 

The Carcerule. —A superior, many-celled fruit, each cell 
being dry, indehiscent, and one- or few-seeded, and all the cells 
more or less cohering by their united styles to a central axis. 
The common Mallow (Jig. 542) is a good example of this fruit. 
The central axis of the carcerule of the Geranium with its 
adherent styles is prolonged upwards into a large beak (fig. 52G). 
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The Regma. —When the schizocarp consists of three or more 
carpels which separate from each other and burst with elasticity, 
it has been called a regma, and the constituent carpels are 
termed cocci. Examples are afforded by Ricinus (Jig. 543) and 
Hura crepitans (Jig. 544). 

^.4. The Bacca or Berrg is an inferior, indehiscent, one- or 
more celled, many-seeded, pulpy fruit (Jigs. 545 and 546). The 
pulp is produced from the placentas, which are axile or parietal 
(fig. 545, pi), and have the seeds, s, s, at first attached to them; 
but these ultimately become separated and lie free in the pulp, p. 


Via. 545. 



Fig. 545. Transverse section of a l>erry of the (rooseberry (Kibes Grossularm). 

pi. Placentas, s, s. Seeds embedded in pulp, p. - Fig. 546. Raceme of 

berries of the Red Currant (Kibes rubrutn). - Fig. 547. Nuculanium or 

fruit of the Vine (Vitis vi infer a). - Fig. 548. Transverse section of the 

pepo of the Melon. cl>cl,cl. Carpels. pl,pl,pl,pl, pi, pi- Curved placentas, 
sendiug processes, 3, from the circumference, t, to the centre, and thus 
causing the fruit to be spuriously three-celled. 


Examples are afforded by the Gooseberry and Currant. The 
term baccate or berried is applied by many botanists to any 
pulpy fruit. 

5. The Amphisarca. —A superior, many-celled, indehiscent, 
many-seeded fruit, indurated or woody externally, pulpy in¬ 
ternally. Examples, Omphaloearpus, Adansonia, Crcsccntia. 

6. The Pepo is an inferior, one-celled or spuriously three- 
celled, many-seeded, fleshy or pulpy fruit (fig. 548). The seedB 
are attached to parietal placentas, and are embedded in pulp, but 
they never become free as is the case in the berry; hence this 
fruit is readily distinguished from the lattor. 


248 


MANUAL OF BOTANY 


There has been much discussion with regard to the structure 
of the pepo. By some botanists the plaoentas are considered f.a 
axile, and the fruit normally three-celled, as it is formed of three 
ovaries or carpels; while by others the plaoentas are regarded as 
parietal, and the fruit normally one-celled, as defined above. Those 
who adopt the first view believe that each placenta sends outwards a 
process towards the walls of the fruit, and that these processes 
ultimately reaoh the walls and then become bent inwards and bear 
the seeds on the curved portions. If these processes remain, the 
fruit is three-celled; if, on the oontrary, they become absorbed, it is 
only one-celled, and the placentas are spuriously parietal. According 
to the view here adopted, the placentas are parietal, and send pro¬ 
cesses inwards whioh meet in the centre, and thus render the fruit 
spuriously three-celled; if these are imperfectly formed or after¬ 
wards obliterated, the fruit is one-oelled. This fruit is illustrated by 

Fig. 649. Fro. 660. 




Fig. 549. Transverse section of the fruit of the Orange (Citrus Auranttum). 

p. Epicarp. e. Mesocarp. d. Endocarp. «, *. Seeds.- Fig. 550. Abnormal 

development of the fruit of the Orange, in which the carpels, ce and cf, 
are more or leas distinct instead of being united. 

the Melon, Gourd, Cucumber, Elaterium, and other members of the 
order Cucurbitacece. The fruit of the Papaw-tree resembles a pepo 
generally, except in being superior. 

7. The Nuculanium. —This fruit, of which the Grape ( fig. 
547) may be taken as an example, differs from the berry only in 
being superior. It is frequently called a berry. 

8. The Hesperidwm is a^uperior, many-celled, few-seeded, 
indehiscent fruit, consisting of a separable pericarp, formed of 
the epicarp and mesocarp combined together (fig. 5i9,p, e), and 
having an endocarp, d, which projects internally in the form of 
membranous partitions; these divide the pulp into a number of 
portions or cells, whioh are easily separated from each other. 
This pulp, as already noticed, is a development of succulent 
parenchyma either from the general inner lining of the ovary, or 
from the placentas only. The seeds, s, s, are embedded in the 
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Fig. 551. 


pulp, and attached to the inner angle of each of the portions into 
,which the fruit is divided. The fruits of the Orange, Lemon, 
and Shaddock are examples of the hesperidiuxn. It is by no 
means uncommon to find the carpels of this fruit in a more 
or less separated state (fig. 550), and we 
have then produced what are called 
1 homed oranges,’ ‘ fingered citrons,’ &c., 
and the fruit becomes somewhat apo¬ 
carpous instead of entirely syncarpous. 

9. The Tryma is a superior, one-celled, 
one-seeded, indehiscent fruit, having a se¬ 
parable fleshy or leathery rind, consisting 
of epicarp and mesocarp, and a hard two- 
valved endocarp, from the inner lining of 
which spurious dissepiments extend so as 
to divide the seed into deep lobes. It 
differs but little from the ordinary drupe, 
except in being formed from an originally compound ovary. 
The Walnut affords an example. 

10. The Balausta is an inferior, many-celled, many-seeded, 
indehiscent fruit, with a tough pericarp. It is formed of two 
rows of carpels, one row being placed above tho other, and sur- 
roundod by the calyx; the seeds are attached irrogularly to the 
walls or centre. The Pomegranate fruit is the only example 
(fig. 551). 



Fig. 551.—-Vertical sectiou 
of tb o balausta or fruit of 
the Pomegranate. 


Dehiscent Monocarpellary Fruits . 

1. The Follicle.— This is a superior, one-celled, one or many- 
seeded fruit, dehiscing by one suture only, which is commonly 
the ventral; it is consequently one-valved (fig. 510). By the 
latter character it is known at once from the legume, which opens 
by two sutures, and is two-valvod; in other respocts the two 
fruits are alike. 

The follicles of Magnolia glauca (fig. 511) and some other species of 
Magnolia open by thp dorsal sutube instead of the ventral. Examples 
oj the follicle are afforded by the Columbine (fig. 552), Hellebore, 
Larkspur, and Aconite (fig. 553). Each of these plants bears a whorl 
of three follicles, arrange^ on the top of the thalamus, and almost 
touohing each other; each flower of Asclepias, Vinca, and Pceonia 
(fig. 564) generally forms two follicles; while the follicles of Liriodcn- 
dron and Magnolia (fig. 511) are numerous, and arranged in a spiral 
manner on a more or less elongated thalamus. It rarely happens that 
a flower produces but a single follicle; this, however, sometimes occurs 
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in the case of the Pssony. The two follicles of Asclepias are more or 
less united at their bases, and the seeds, instead of remaining attached, 
to the ventral suture, as is the case in the true follicle, lie loose in 
the cavity of the fruit. This double fruit has therefore by some 
botanists been given the distinctive name of Conceptaculwn. 

2. The Legume or Pod.—This is a superior, one-celled, onc- 
or many-seoded fruit, dehiscing by both ventral and dorsal sutures 
so as to form two valves, and bearing its seed or seeds on the 
ventral suture. Examples are afforded by the Pea ( fig. 512), 
Bean, Clover, and most plants of the order Legwminosm, which 
has derived its name from this circumstance. 

Fro. 552. Fig. 553. Fio. 554. 



Fin. 552. Folliclcaof the Columbine (Aquilegia). - Fig. 553, Fol¬ 

licles of the Aconite (Aconitum).- — Fig. 554. Follicles of the 
Paiony ( J'wonia >. 




The legume is generally more or less convex on its two surfaces 
and nearly straight; but it frequently assumes curious shapes. That 
of some species of Medicago becomes spirally twisted so as to resemble 
a screw (fig. 557); those of Scorpiurus sukatus and of some other 
Mcdicagos are coiled upon their long axis after the manner of a snail- 
shell (fig. 555); that of Casalpinia coriaria is curved like a worm. 
A number of other irregular forms ooour. Some plants exhibit 
certain deviations from the ordinary Structure of a legume; Astragalus 
(fig. 422) and Phaca (Jig. 423) have one whioh is two-celled, i,n 
consequence of the formation of a spurious dissepiment, proceeding 
in the former plant from the dorsal and in the latter from the 
ventral suture. In other cases a number of spurious horizontal 
dissepiments are formed, by whioh the legume becomes divided into 
as many cells as there are seeds; Cassia fistula (fig. 417) affords 
an instance of this and of another irregularity, the legume being 
indehisoent, though the two sutures are clearly marked externally. 
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Other indekiscent legumes are borne by Arachis and Pterocarpus , 
yi which there is sometimes no eyident mark of the sutures ex¬ 
ternally ; such legumes, however, frequently split into two valves like 
those of a pea, when a little pressure is applied as in the ordinary 
process of shelling peas. 

3. The Lomentum .—This is a kind of lcgnino which is con¬ 
stricted in a monilifonn manner between the seeds. Hedysarum 
(Jig. 529), Omithopus, and Acacia Soplwra (Jig. 558) afford 
examples. It is sometimes calle.d a lomentaceous legume. This 
fruit, together with the legume, characterises the plants of the 
order Leguminosee. When the lomentum is ripe, it commonly 
separates into as many pieces as there arc constrictions on its 


Flo. 555. Fio. 557. Fio. 558. 



Fig. 555. Coileil-up legume of Scorp virus sulcata. — —Fig. 556. Snail-like 

legume of Mrdtcago orbiculata. - Ftg. 557. Spiral or serew-liko legume of 

Lucerne (Mcdtcago). - Fig. 558. Lomentum of a species of Acacia. 


surface (Jig. 529), but it may remain entire (fig. 558); in the 
latter caso the seeds are separately enclosed in cavities which are 
formed by the production of as many internal spurious dissepi¬ 
ments as there are external constrictions. 

Dehiscent Polycarpellwry Fruits. 

1. The Capsule is a superior, one- or more celled,many-seeded 
dry, dehiscent fruit. • 

The dehiscence may take place either by valves ( Culchicum , 
Jig. 513, and Datum, Jig. 521), or by pores (1’apaver, and Antiirhi- 
num, fig. 429); or transversely (Pimpernel, fig. 560, and Henbane, 
fig. 527); or only partially (Mignonette,/ip. 509, Dianthus, fig. 508, 
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and Lychnis, fig. 507). When the capsule dehisces transversely 
the trait has received the distinctive name of Pyxis. The capsule 
is either one-celled (Mignonette, fig. 609, Pansy, fig. 616, and 
Gentian, fig. 522); or two-celled (Scrophularia, fig. 561); or three- 
ormore oelled (Colchicum,fig. 513, and Datura, fig. 521). Helicteres 
(fig. 559) shows a very remarkable and aberrant form, being com¬ 
posed of five carpels twisted spirally together. The capsule is a 
very oommon fruit, and is found almost universally in many Natural 
Orders, as Papaveraceai, Carophyllacecc, Primulacm, Scrophu- 
lariacea, Gentianaceas, 

When a fruit resembles the ordinary capsule in every respect, 
except that it is inferior, it has reoeived the name of Diplotegia. 


Fig. 559. Fig. 560. Fig. 661. 



Fig. 659. Spiral capsule of a species of Uehcteres, - Fig. 560. Pyxis of 

Pimpernel ( AnagcdlU). - Fig. 561. Capsule of a species of Scrophularia, 

dehiscing septicidally. 


2. The Siliqua is a superior, spuriously two-colled, many- 
sceded, long, narrow fruit, dehiscing by two valves which separate 
from below upwards, and leave the seeds attached to two 
parietal placentas; these are commonly connected together by a 
spurious vertical dissepiment, called a replum (fig. 563). The 
placentas are here opposite to the lobes of the stigma, instead of 
alternate with them, as is usually the case. Examples of this 
fruit are afforded by the Wallflower (fig.‘568), Stock, Cabbage, 
'and a large number of other members of the order Orucifer'ce. 

The siliqua is sometimes constricted in the spaces between 
the seeds, like the lomentum, in which case it is indehiscent; 
it is then oalled a lomentaceous siliqua. Baphanus sativus has 
a siliqua of this description. 

3. The Silicula .—This fruit resembles the siliqua very 
closely, but it usually contains fewer seeds. The siliqua may 
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bo described as long and narrow, the siUcula as broad and 
#hort. Examples occur in the Shepherd's Purse (fig. 564) and 
Scurvy-grass. 

The silioula and siliqua are the characteristic forms of fruit in 
the Natural Order Cruciform. 

4. The Diplotegia .—This is the only kind of inferior fruit 
which presents a dry dehiscent pericarp. It has already been 
stated, under the head of Capsule, that the diplotegia differs from 
the latter only in being inferior. The species of Iri» (fig. 562) 
and Campanula (figs. 580 and 531) afford examples of this fruit. 

Fio. 568. Fig. 564. 


Fw. 562. 





Fig. 562. Inferior capsular 
fruit ( diplotegia ) of the Iris, 
opening in a loculioidal 

manner.- Fig. 663. Fruit 

or siliqua of the Wall¬ 
flower, showing the separa¬ 
tion of the two valves from 

the replum.- Fig. 564. 

Silicula of Shepherd’s Purse 
( Capxella ). 


Tho diplotegia may open either by pores (fig. 580), or valves 
(fig. 562), or transversely, like the ordinary capsule. In the 
latter case, as with the true capsule with transverse dehiscence, 
the fruit is called a Pyxis. 

5. The Cone .—As we have seen, the pistillate flower of the 
Coniferee has the form of an axis bearing a number of leaves 
arfanged spirally along it, each being regarded as an open carpel 
with two ovules on its upper surface. When it becomes old the 
carpels are hard and woody, and each bears two naked seeds 
(fig. 475). Each oone is then a single fruit. Examples are 
afforded by the Scotch Fir (fig. 565), the Larch, the Hemlock 
Spruce (fig. 276), and a great many other plants of the same 
Natural Order. The dehiscence is brought about by the carpel- 
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lary scales separating from the axis for a great part of their 
length, ho that the seeds fall from between them. • 

6. The Galhulm .—This fruit is but a modification of the. 
Cone, differing in being more or less rounded in form instead 
of somewhat conical, and in having the heads of the scales 
much enlarged and peltate in form, with the seeds on their under 
surface. It is borne by the Cypress (fig. 567) and the Juniper 
(fig. 566). In the latter the scales become fleshy, and are 
united together into one mass, so that at first sight it somewhat 
resembles a berry; but its nature is at once seen by examining the 
apex, when three radiating lines will be observed, corresponding 
to the three fleshy scales of which the fruit is formed, and which 
arc here but imperfectly united. 

Fig. 565. 

Fio. 5GO. 


Fig 5G5 Cone or fruit of the Scotch Fir. — Fin. 560. (JalbuluR or fruit of 
the Juniper (Junijferus covunntm). — - Fig. 507. (rulbulus of fruit of the 
Cypress (Cupwmts wmpei Pirmx ).— Fig. 5G8. Seed of the Yew (Tnnrt 
bficc.ata), surrounded by a fleshy aril 

The so-called fruit of the Yew (Tams baccata) (fig. 508) is 
in reality not a fruit at all ; it consists of a naked seed surrounded, 
except at the apex, by a fleshy cup which is an aril. 

B. Spurious Fruits. 

1. The Eteerio. —There are several varieties of this form. 
In all of them the bulk of the fruit is composed of an enlarged 
receptacle or thalamus on which the carpels are seated. The 
true fruits of Ranunculus, which arg achenes. are placed on a 
dry convex receptaelo which is not much enlarged; the 
receptacle of the Strawberry is enlarged, convex, succulent, and 
brightly coloured; those of Poientilla and some other members 
of the order Rosacece are enlarged but not succulent. 

In the fruit of the Rose the achsenia, instead of being placed 



Fio. 567. Fia. 568. 
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upon an elevated thalamus, as in the ordinary etaerio, are situ¬ 
ated upon a concave thalamus, to which the calyx is attached 
(fig. 285, r, r). This modification of the ordinary etierio has 
been considered by some botanists a separate fruit, and they 
have given it the name of Cynarrhodon. A similar kind of fruit 
also occurs in Calycmthm. 

2. The Pome is an inferior, indehiscent, two- or more celled, 
few-seeded, fleshy fruit, the carpels of which are surrounded by 
a fleshy mass, consisting of the succulent concave thalamus, 
in which they are embedded. The pome thus resembles the 
cynarrhodon, except that the carpels and the thalamus are fused 
together. The carpels themselves are fleshy or bc'y. In the 


Fra. 569. 




Fig. 589. Btmrlo of the Strawberry, consisting of a swollen sncenlent 

receptacle on which are a number of aohenes.- Ft/i. 670. Etreno of the 

Raspberry.- Fin. 571. Vertical section of the pome or fniitof the Apple 

( /peer Malm). 

former case each has a differentiated endoearp which is carti¬ 
laginous in character; in the cavity of each carpel is a single 
seed. Examples may bo seen in the Apple (fig. 571), Pear, 
Quince (fig. 299), Medlar, and Hawthorn. 

C. Anthocarpous or Aggregated Fruits. 

The fruits so far described are derived from singlo flowers. 
Those treated of under this section are the result of the fusion 
of several flowers together, whose carpels, floral envelopes, and 
bracts all becomo coherent into a single mass. The latter may 
be either woody or succulent. An anthocarpous fruit is thus 
the product of an inflorescence and not of a single flower. 

1. The Sorosis .—In the construction of this fruit we find a 
number of separate flowers become coherent with the axis 
from which they spring. The whole mass becomes in some 
cases succulent, in others woody. The first case is represented 
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by the Pineapple (fig. 574); each polygonal area marked upon 
its exterior represents a flower. The Mulberry (fig. 572) afford*- 
another instance, the sucoulent part being mainly the calyces of 
the constituent flowers. A comparison of the Mulberry may be 
made with the Raspberry (fig. 573). The former is a poly- 
thalamic or aggregated fruit, the latter a monothalamic one. 
The succulent portion of the Mulberry is derived from the 
calyces of a group of flowers, that of the Raspberry from the 
drupelets of a single one. The two fruits, though constituted 
on such different plans, yet present a certain superficial resem- 


Fio. 572. 


Fro. 574. 





Fig. 572. Sorosis or fruifc of the Mulberry (Morus nigra). - Fig. 5751. Fruit 

(ftaerio) of the Raspberry (Ruins Menus ).- Fig. 574. Pineapple fruit 

(Sorosis ), surmoantctl by a crown of empty bracts. 


blance. The fruit of the Plane tree is constructed in a similar 
manner, but the very numerous flowers and their axis all become 
woody.- The resulting fruit is globular in form. 

2. The Syconus .—This is an anthocarpous fruit, formed of an 
enlarged and more or less succulent receptaole which bears a 
number of separate flowers. The Fig (fig . 675) is an example 
of a syconus. In this the flowers are almost entirely enclosed 
by the enlarged hollow pear-shaped receptacle, and what arc 
commonly called seeds are in reality one-seeded fruits resem¬ 
bling achtenia. Doritenia (fig. 676) supplies another example 
of the syconus, although it differs a good deal from that of the 
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Pip in its general appearance ; the receptacle is less succulent, 
awl only slightly concave except at its margins, so that the' 
separate fruits are here readily observed. 

The Seed. 

We have seen that the seed is a structure which is peculiar 
to the group of Phanerogams or flowering plants, and have 
discussed the causes which lead to its formation. There are 
several morphological features of importance connected with it 
which still remain for us to consider. As the seed is the body 
produced from the ovule in consequence of fertilisation, we see 
that its structure must be comparable with that of the latter. 

Fio. 575. Fio. 576. 


Fiy 575. S}oonus of the Fig (Ficus 
Canca), showing pcar-BlmiHxl fleshy 
receptacle hearing aelienes on its inner 

surface.- Fty. 576. Syconus of a 

species of Dovstema. 

Jt is, however, much more complex because it contains the 
whole of the gametopbyte of the plant, together with the new 
sporophyto to which the latter gives origin. The latter is the 
body commonly called the embryo. We may have thus three 
distinct generations represented in the seed. 1. The megaspore 
and the remains of the qpginal megasporangium, or the nucellus 
of the^ovule with its integuments. The latter are frequently the 
only part of tho sporangium remaining, the nucellus itself having 
disappeared. 2. The gaanetephyte, consisting of a mass of tissue 
of variable dimensions developed inside the spore or ombryo-sac. 
In the Angiosperms another mass of tissue is formed after the 
fertilisation of the oosphere. This was till recently held to be 
part of tho gametophyte, but its real morphological nature is now 
uncertain. This again is frequently very much reduced in dimen- 
von. i. s 





258 


MANUAL OF BOTANY 


sions, or it may be altogether absent, having been partially or 
entirely absorbed by the embryo. 3. The new sporophyte, fir 
embryo, which may be small and embedded in the endosperm, or 
may be large, filling the embryo-sae, having absorbed the gameto- 
phyte and the endosperm during its development. If the 
nucellus also has been absorbed during the growth of the 
embryo-sac, the seed may present to view only the embryo 
enveloped in the modified original integuments of the mega- 
sporangium or ovule. 

The terms orthotropous, campylotropom, anatropous, &c., 

" are applied to seeds in the same sense as to ovules. 

Structure of the Seed.—1. The Integuments or Coats.— 
There are usually two seed-coats or integuments, known re¬ 
spectively as the testa and the tegmen. In 
some cases a third is found, not so closely 
attached as the others to the body of the 
seed. This is known as an arillus. It may 
spring from either the funicle or the hilum. 

a. Testa, Episperm, or Outer Coat 
(fig. 577, te). —This integument is formed 
from the primine of the ovule; that of some 
seeds, e.g. those of Avanthodium, has 
in addition a coating of hair-like cells 
which are pressed closely to the surface of 
the seed by a layer of mucilage; if such 
seeds be moistened with water, the muci¬ 
lage which confines them becomes dis¬ 
solved and the hairs are set free, and 
then branch out in every direction. 

Colour, Texture, and Surface of the 
Testa .—In colour the testa is generally 
brown, but it frequently assumes other' 
colours; it may be uniform in tint, or 
variously mottled. 

The testa also varies in texture, being soft or fleshy 
and succulent, or more or less spongy, or membranous or 
coriaceous, or it may become woody and hard. 

Its surface is generally smootfy but is often furnished with 
different appendages, many of which are characteristic. It may 
be wrinkled ( Nigella), striated ( Nicotiana ), marked with ridges 
and furrows (Delphinium, fig. 579), netted (Nasturtium, 
fig. 578), alveolate or pitted (Papaver), tuberculated (Stellaria 
media, fig. 580), or spiny (Morns). The testa of some seeds 
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Fig. 577. The seed of a 
Pea with its integu¬ 
ments removed on one 
side. pi. Placenta. /. 
Funiculus, rap. Kaphe. 
ch. Chalaza. m. Micro- 
pyle. te. Testa or epi- 
sperai. e. Endopleura 
or tegmen. The part 
within the endopleura 
is commonly called the 
nucleus of the seed, 
and is formed of coty¬ 
ledons, e ; gemmule or 
plumule, o ; radicle, r ; 
and stalk or tigellum, 
t , between the plumule 
and radicle. 
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boars numerous hairs; those of the various species of Gox- 
mjjpittm cover the entire surface, where they constitute the 
material of so much value called Cotton; those of the Willow, 
Asclepias (fig. 682), and Epilobium (fig. 587), are confined to 
certain points of the surface. In the latter cases the tufts of 
hairs, thus oonfined to certain points of the testa, constitute 
what is called a coma, and the seed is said to be comose. 

Other seeds, particularly those of the Sandwort (fig. 581), and 
of Catalpa, Bignonia., Sivietenia, Moringa, &c., have winged 
appendages of various kinds. These winged seeds must be 
carefully distinguished from samaroid fruits, such as the Ash, 
Elm, and Maple (fig. 641), where the wing is an expansion of the 
pericarp and not of the testa. Hairy seeds should not be 
confounded with pappose fruits, such as those of the Composite, 


Fin. 578. Fin. 579. Fin. 580. 



Fig. 578, Rounded seed of the Watercress (Nasturtium officinale). The testa 
is reticulated or netted. — Fig. 67U. Obovoid seal of the Larkspur 

( Jjelphintum), the testa of which is marked with ridges and furrows.- 

Fig. 580. Seed of Ohiokweod (Stellaria), the testa of which is tuberculated. 


Dipsaeece (fig. 294), and Valeriavacece (fig. 293), where the 
hairy-processes belong to the calyx. 

Beneath the testa, in anatropous seeds (figs. 588, R, and 
577, rap), and the modification of these termed amphitropous, 
we find the raphe or vascular cord connecting the hilum 
with the chalaza. Its situation is frequently indicated by a 
projecting ridge on the surface of the seed, as in that of the 
Orange, while at other times it lies in a furrow formed in the 
substance of the testa, so that the surface of the seed is smooth, 
and no external evidence is afforded of its position. 

The testa is also usually* marked externally by a scar indi¬ 
cating the hilum, or point by which it was attaohed to the funi¬ 
culus or placenta. The micropylo of the Pea, as already 
noticed, may be sometimes seen on the surface of the testa 
(fig. 577, m ); in those cases where no micropyle can be de¬ 
tected externally, its position can only be ascertained by dissec- 
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tion, when it will be indicated by the termination of the radicle, 
this being directed towards it. In some seeds, as those cof 
Asparagus, the situation of the micropyle is marked by a small 
hardened point, which separates like a little lid at the period of 
germination: this has been termed the embryotegia. 

On removing the testa the raphe can frequently be seen 
ramifying over the inner coat, and terminating at the chalaza 
(figs. 588, ch, and 577, clt). The structure and general appear¬ 
ances of these different parts have been already described. 

b. Tcgmen, Endopleura, or Internal Coat (fig. 677, e ).— 
The inner membrane or coat of the seed is sometimes 
apparently wanting, probably from its complete adherence to 
the testa. 

Fig. 683. 


Fig. 681. 


Fig. 582. 


wm ' 



Fig. 681. Marginatc or bortleml Food of Sandwort {Armaria). — *~Fig. 682. 
Ooroose oval seed of Asrlepuxs. — Fig. 683. Young anatrojtous seed of the 
White Water-lily (Nymphcpa alba) cut vertically, v. Funiculus, a, a. 
Gelatinous aril. t. Integuments of the seed. n. Nucellns. it. Raphe. 
ch. ChalasTa. m. Micropyle. 8. Embryo-sac. fc. Rudimentary embryo. 


When clearly distinguishable it is generally of a soft and 
delicate nature, of a whitish colour, and more or less trans¬ 
parent. It is closely applied to the kernel of the seed, which 
it accompanies in all its foldings and windings; in some 
cases it even dips down into the latter, and thus divides it more 
or less completely into a number of parts. Examples are 
afforded by the Nutmeg and Betel-nut (fig. 589, p). 

Arillus. —A third covering, known as the arillus or aril, 
is occasionally developed. It is always found more loosely 
arranged than the true integuments, and generally extends only 
partially over them (fig. 688 a, a) ; that of the Yew forms an open 
cup. It grows from the base of the ovule, arising subse¬ 
quently to the accomplishment of the process of fertilisation. 
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It is not infrequent to find outgrowths from various parts of 
tlw testa which may be confused with the aril. Such an out¬ 
growth, arising from the region of the mioropyle and spreading 
backwards to some distance over the testa, sometimes indeed 
covering the seed, has been called a false aril or arillode. 
An instance of it is afforded by the Spindle-tree (fig. 584). 
The Nutmeg has a similar outgrowth which is generally de¬ 
scribed as an aril; it originates, however, from both the hilum 
and the micropyle. It forms a scarlet covering to the seed, and 
is known in commerce under the name of macc. 

Protuberances of an irregular character are often developed 
from othor parts of the testa. They are known as CaruncvUs 
or Strophioles. They are always developed, like tho arillus 
and arillode, subsequently to fertilisatiofa, and are accordingly 


Fio. 584. 
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Fi<i f>8l. Progressive development of tlic arillode in the peed of the Rpindle- 
troc ( Kuonymux). a. Arillode. / Funiculus. 1 represents th • youngest 
seed ; 2 and 3, the progressive development of the arillode ; 4, the oldest 
and fully developed seed. 

not found on the ovule. The Milkwort (fig. 585) bears such 
outgrowths at the base or hilum of the seed; the Asarabaeea 
(fig. 586) and Violet have thorn on the side, in a line with the 
raphe; while those of tho Spurge are placed at the micro¬ 
pyle. Some writers consider these carunculcs as forms of the 
aril, of which they then distinguish four varieties, namely:— 
I. The true arillus (Nymphcea, fig. 588, a, a) ; 2. The 
arillode or micropyla ^■ arillus (Euonymus, fig. 584) ; 8. The 
raphian arillus (Asarum, fig. 686); and 4. The chalazal 
arillus (Epilobium, fig. 587, where the tuft of hairs at one 
end of the seed is regarded as an aril). Other writers again 
partially adopt these views, and define the caruncules as little 
protuberances growing from the raphe, and therefore originating 
independently of the funiculus or micropyle. According to this 
view the earuncule of the Milkwort would be regarded as & true 
aril, and that of the Spurge as an arillode, while the appendages 
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of Asarabacca and Violet would be true caruneulos. Other 
botanists again, instead of using the two terms strophioles a»d 
caruncules as synonymous with each other, apply the former 
term only to the outgrowths proceeding from the hilum, and the 
latter to those coming from the micropyle. 

2. The Kernel,-— We have seen that the substance of 
the seed is morphologically very complex in its nature. Wc 
may or may not have the substance of the nuccllus or part 
of it remaining. Generally this is all absorbed during the 
growth of the megaspore. In the seed, when present, it has 
received the name of the pcrisperm. We have next tbe embryo- 


Fio. 585. 


Fig. 587. 



Fig. 685. Ovoid seed of Milkwort (Polygala), with n rarnnculc ut its base 

or luluui.- Fig. 58ii. Seed of Asurabace.t (A.wrum), with a eanmcule on 

the side, which is called by borne a raplimn arillus.- Fig. 687. Section of 

the cotnose need of KpUobiutn. The tuft of hairy processes is sometimes 
called a chalaxal arillus. 


sac or megasporc. In this there may be a solid mass of 
tissue, known as the endosperm, which in the Gymnosperms is 
the gamctophyte. In the Angiosperms it is a mass of tissue 
developed after the fertilisation of the oosphere. Embedded 
in the endosperm is the body produced by the develop¬ 
ment of the fertilised oosphere, which is called the embryo. 
In other cases the embryo, by absorbing the nourishment con¬ 
tained in the endosperm, obliterates the latter and comes to 
occupy the whole interior of the embryo-sac. Then the kernel 
of the seed consists of the embryo or young sporophyte, which 
in rare cases is surrounded by a layer of perisperm, but is 
generally only covered by the integuments. 

To the tissue which thus sometimes remains and forms a 
solid mass round the embryo, the name of albumen has been 
commonly applied; but it is preferably designated as the pen- 
sperm or endosperm, according to its origin as described above. 
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Both endosperm and perisperm may be seen in the seeds of 
btymphaia (Jigs. 583 and 588). 

From the above considerations it will be evident that the 
kernel of the seed may consist either of the embryo alone, as in 
the Bean and Pea (fig. 577); or of the embryo enclosed in endo¬ 
sperm, as in the seeds of the Poppy (fig. 601), Pansy ( fig. 600, 
til). Oat (fig. 591), or in both endosperm and perisperm, as in 
those of Nympheea (fig. 588). We have therefore two con¬ 
stituents of the kernel: namely, the embryo and the albumen, 
the latter being composed of endosperm or perisperm, or both. 

a. Albumen, Endosperm, Perisperm. —Those seeds which 
have the embryo surrounded by albumen, that is, by ei'her tr.de 
sponn or perisperm, or both, aro said to be 
albuminous ; while those from which it is 
absent are exalbitminovs. The amount of 
albumen will in all eases, as described above, 
be necessarily in inverse proportion to the 
size of the embryo. 

The cells of the albumen contain various 
substances, such as starch, albuminoids, oily 
matter, &e., and thus act as reservoirs of 
nutriment for the use of the embryo during 
the process of germination. The varying con¬ 
tents of the cells, together with certain differ¬ 
ences in the consistence of their walls, cause 
the albumen to assume different appearances 
when the seed is ripe, and thus frequently to 
afford good characteristic marks of different 
seeds. The albumen is described as mealy, 
or faiinaceous, when its cells are tilled with 
starch-granules, as in the Oat and other Cereal grains ; it is said 
to be fleshy, as in the seeds of the Barberry and Pansy, when its 
walls are soft and thick ; when its cells contain oil globules, as 
in those of the Poppy and Cocoa-nut, it is oily ; when the cells 
are soft, and their walls chiefly formed of mucilage, as in those 
of tho Mallow, it is mucilaginous ; and when the cell-walls 
become very thick and hard, as in the seeds of the Vegetable 
Ivory Palm and the Coffee plant, the albumen is described as 
horny. 

Generally speaking, the albumen presents a uniform appear¬ 
ance throughout, as in the seeds of the Vegetable Ivory Palm; 
but at other times it is more or less separated into distinct com¬ 
partments by the folding inwards of the tegmen, as already 


Fio. 588. 



Ftg. 688. Vertical 
section of the seed 
of the White Wa¬ 
ter-lily, showing 
the embryo en¬ 
closed in the re¬ 
mains of the em¬ 
bryo-sac, and on 
the outside of this 
the ]>eri sperm sur¬ 
rounded by the 
integuments. 
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described. In the latter case the albumen is said to be 
ruminated, as in the seeds of the Betel-nut ifig. 589, p). » 

b. The Embryo is the rudimentary plant; it is developed 
from the fertilised oospherc in the embryo-sac. The embryo 
being the rudimentary sporophyte, it is necessarily the most 
important part of the seed, and it contains within itself, in 
an undeveloped state, all the members of which the plant is 
ultimately composed. Wo can distinguish in it three parts: 
namely, a radicle, a plumule, and one or more cotyledons. These 
parts may be readily recognised in many eeods; in the embryo 
of the Lime (fig. 590), the lower portion, r, is the radicle, from 
which the root is developed; the two expanded lobed bodies 
above, c, e, are the cotyledons, and between these the plumule 
is placed. In the I’ea (fig. 10), the two fleshy lobes, c, r, are 
the cotyledons, between which there is situated a little axis, 
t (tigelluni), the upper part or bud-like portion of which is the 
plumule, n, and the lower part, r, the radicle. 

The great group of the Angiospermous flowermg plants is 
subdivided into two smaller ones; in the first of these, known 
as the Dicotyledons, the embryo has two cotyledons ; in the 
other, called the Monocotyledons, it lms typically only one 
(figs. 591 and 598, c). In some exceptional eases, however, the 
embryo of a plant classed among the Monocotyledons has more 
than one cotyledon; the second cotyledon then alternates with 
the first instead of being opposite to it, as is invariably the case 
with the two cotyledons of dicotyledonous plants. The phyllo- 
taxis of the Monocotyledons, as exhibited in the embryo, is thus 
always alternate, while that of the Dicotyledons is opposite. Jn 
the Gymnosponns there are ofton several cotyledons, so that the 
embryo is described as polycotylcdonous. 

(a) The Movocotyledonous Embryo. —The parts of the mono- 
cotyledonous embryo are in general by no means so apparent 
as those of the dicotyledonous. The ombryo usually appears to 
be a solid undivided body of a cylindrical or somewhat club- 
shaped form, as in the seed of Triglochin (fig. 593), having a 
little chink, f, on one side near the base? If a vertical section 
be made parallel to this slit, a small conical projection,' the 
plumule, will be noticed; by making a horizontal section, the 
cotyledon can be seen to be folded round the plumule, which 
is thus almost entirely removed from view. There is noticeable 
a little slit corresponding to the union of the margins of 
the cotyledon; this slit becomes an external indication of the 
presence of the plumule. The position of tho cotyledon thus 
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rolled round the plumule is similar to that of the sheaths 
pf the leaves in most monoeotyledonous plants, which, in a' 
similar manner, enclose the young growing parts of the stem. 

In other monoeotyledonous embryos the different parts are 
more easily seen. The cotyledon of many Grasses, as, for 
instance, the Oat (fig. 591), only partially encloses the plumule, 
P. and radicle, r ; and these parts may therefore be readily 
observed in a hollow space on its surface. 


Fio. 589. Fie. 591. Fig. 592. Fro. 593. 



Fig. 589. Vertical section of the fruit of the Betcl-uut Palm (Ai'eca Calcchu\ 
c. Remains of perianth. /. Pericarp, p. Ruminated ulbumen of the sect!. 

e. Embryo.- Fig. 6S)u. Embryo of the Lime-tree (Tilia europwa). c,c. 

Cotyledons, each with five lobes arranged in a palmate manner, r. Brtdiolc. 
Fig. 691. Section of the fruit of the Oat. p. Plumule, r. Radicle. 
it. SoutcUum.-— Fig. 692. Germinating embryo of the Oat. r. Rootlets 

coming through sheaths, eo. r Cotyledon, g. Young stem.- Fig. 693. 

Embryo of Triglochin. r. Rndiclc. /. Slit corresponding to the plumule, 
c. Cotyledon. 


A peculiar development of part of the cotyledon, called the 
scutellum (fig. 591, g), separates the embryo from the endosperm 
in t*he seed of the Grasses. 

The inferior extremity # of the radicle is usually rounded (fig. 
593, r), and it is through this point that the rootlets, r, burst 
in germination (fig. 592). The radicle is usually much shorter 
than the cotyledon, and generally thicker and more sturdy ; but 
in some embryos it is as long as the latter, or even longer, in 
which case the embryo is called mavropodous. 
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(b) The Dicotyledonous Embryo .—These embryos vary 
generally in form: those of the Bean and Almond (fig. 594^ 
are more or less ovoid; the embryo consists of two nearly 
equal cotyledons, c, between which lies a small axis or tigellum, 
t, the upper part of which, g, is the plumule, and the lower, r, 
the radicle. The lower part of the tigellum upon germination 
appears as a little stalk, supporting the cotyledons; it is termed 
the hypocotyledonary axis, or hypocotyl. Tho lower part of 
the plumule forms the epicotyl. 

In the great majority of cases the two cotyledons are of nearly 
equal size, as in the Pea (fig. 16, c, c), but in the embryos of Trapa, 
some Hiraas, &c. (fig. 595, c', c), they are very unequal. Again, 


Fra. 594. Fra. 597. 



Fxfl. 594. Tho embryo of the Almond ( Primus Amyijdalm), from which 
one of the cotyledons lias been removed, c. The cotyledon which has 
been left. r. Radicle, g. Plumule, t. Tigellum. r'. Scar left by the 

removal of the other cotyledon.- Fig. 595. Vertical section of the 

embryo of a species of Htraa. c'. Large cotyledon, c. Small cotyledon. 

g. Plumule, r. Radicle.- Fig. 59G. Vertical section of the embryo of 

Carapa guianensis, showing the almost complete union of the cotyledons, 

the line, c, only dividing them. r. Radicle. {/.Plumule.- Fig. 597. Tho 

embryo of Pekea butyrosa. 1 . Large tigellum. c. Rudimentary cotyledons. 


while the cotyledons usually form the greater part of the embryo 
(fig. 16, c, c), in other instances, as in the seeds of Pekea butyrosa 
(fig. 597, c), they form but a small portion. In those of Carapa 
(fig. 596), again, the two cotyledons beoome united more or less 
completely into one body, so that the embrye appears to be mono- 
cotyledonous; bnt its nature is readily ascertained by the different 
position of the plumule in the two cases; in the true monocotyle- 
donons embryo the plumule is situated .laterally (fig. 691, p ); but 
here (fig. 596, g) it is between the cotyledons. The embryos of some 
parasitic plants, e.g. Cuscuta, have no cotyledons. 

When no albumen is present in the seed the cotyledons arc 
usually thick and fleshy, as those of the Bean and Almond (fig. 594); 
in albuminous seeds they are thin and foliaceons, as those of the 
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Lime [fig. 590, c, e). Foliaceous cotyledons are frequently provided 
#with veins, and stomata may be also sometimes observed in their 
epidermis; but these structures are rarely to be found in fleshy 
cotyledons. Fleshy ootyledons serve a similar purpose to the 
albumen, by acting as reservoirs 
of nutritious matters for the 
use of the young plant during 
germination ; hence, when the 
albumen is absent, the cotyle¬ 
dons are generally proportion¬ 
ately increased in size. 

The cotyledons of dicotyle¬ 
donous plants are commonly 
sessile, and their margins are 
usually entire, but exceptions 
occur to both these characters; 
those of Geranium molle (fig. 

599, p) are petiolate; those of 
the Lime (fig. 590, c, c), and 
those of the Geranium ( fig. 599, 
c) are lobed. Their positions relatively to each other also vary. 
Generally, they are placed parallel, or faoe to face, as in the Almond 
(Jig. 594), Pea (fig. 16), and Bean; but they frequently depart widely 
from such a relation, and assume other positions. Each of the 
cotyledons may be either reclinatc, ctmduplicate, convolute, or cir- 
cinatc. These are the commoner conditions, and in such instances 

Fro. COO. Fiu. 601. Fio. 602. 
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Fio. 599. 

Fig. 59fi. The so-called 
polyootyledonous em¬ 
bryo o. a $peck'i> of 
IHnus beginning to 
germinate, c. Cotyle¬ 
dons. r. Radicle, t. 

Tigcllum.- Fig. 599. 

The embryo of Gn'a- 
ninm molle. c. Coty¬ 
ledons, each of which 
is somewhat lobed, 
and furnished with a 
petiole,/;, r. Radicle. 


Fig. 600. Vertical section of the seed of the Pansy or Heartsease, h. Hilum. 
pi. Embryo with its radicle, r, and cotyledons, eo. ch. Clialaza. cU. 

Albumen, ra. Raphe. The embryo is erect or homotropous.- Fig. 601. 

Vertical section of* the seed of the Poppy, with the embryo slightly 

# curved in the axis of albumen.- Fig. 602. Vertical section of the seed of 

Bunias, showing its spiral embryo. 

both cotyledons are either folded or rolled in the same direction, so 
that they appear to form but one body ; or in rare cases they are 
folded in opposite directions, and become equitant or obvolute ; 
sometimes other still more complicated arrangements occur. 

The position of the radicle in relation to the cotyledons is also 
liable to much variation. The radicle may follow the same direction 
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as the cotyledons, or a different one. In the former case, if the 
embryo is straight, the radicle is more or less continuous in a straight 
line with the cotyledons, aB in the seeds of the Pansy (fig. 600, r ); 
if, on the contrary, the embryo is curved, the radicle is curved also 
(fig. 001); the curvature of the radicle of Bunias (fig. 602) is so 
great that a spiral is formed. Where the direction of the cotyledons 
and radicle iB different, the latter may form an acute, obtuse, or right 
angle to them; or be folded back so as to lie parallel to the cotyledons, 
in which case the radicle may be either applied to their margins, as 
in the seed of the Wallflower (fig. 604, r), when the cotyledons are 
said to be accumbent ; or against the back of one of them, as in that 

of Isatis (fig. 603, r), when they are 
termed incumbent. 

Relation of the Embryo to the 
other Farts of the Seed, and to the 
Fruit .—It must necessarily happen 
that when albumen is present, the 
size of the embryo is in inverse 
proportion to it; in the Beads of 
Grasses (fig. 591) we have a large 
deposit of albumen and but a small 
embryo, while in those of the Nettle 
(fig. 605) the embryo is large and 
the albumen very small. The em¬ 
bryo may be either external to the 
albumen (figs. 691 and 608), and 
thus in contact'with the integuments, 
as in the seeds of Grasses, in which 
case it is described as external ; 
or it may be surrounded by the 
albumen, except on its radioular 
extremity, as in the Pansy (fig. 600), when it is internal. 

The embryo is axial when it has the same direction as the axis 
of the seed, as in those of the Pansy (fig. 600, pi ); when this con¬ 
dition is not found, it is abaxile or eccentric, as in those of Rumex 
(fig. 606, pi). In the latter oase, the embryo is frequently altogether 
on the outside of the albumen, and directly below the integuments, 
as in the seods of Mirabilis Jalapa (fig. 607, e) and Lychnis 
(fig. 608, emb), when it is described as peripherical. 

We have already observed that in a straight embryo the radicle as 
a rule is turned towards the mioropyle (fig. 606, r), and the cotyle¬ 
donary extremity is then directed to the chalaza, ch. Some apparent 
exceptions to these relative positions oocur among the Euphorbiacecc 
and a few other plants; but Buch are merely accidental deviations 
arising from certain irregularities in the course of the development 
of the parts of the seed. 


Pig. 603. Fio. 604. 



Fit 7 . 603. Incumbent embryo of 
the Woarl (1 satis | tindoria). 

1. Undivided. 2. Horizontal 

section, c. Cotyledons, r. Ra¬ 
dicle.- Fig. 004. Accumbent 

embryo of the Wallflower (Cheir- 
anthus Cheiri). 1. Undivided. 

2. Horizontal section, r. Radicle, 
c. Cotyledons. 
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While the relation of the radicle and cotyledonary portion is thus 
#een to be generally constant, it necessarily happens, from the vary¬ 
ing relation which the hilum bears to the micropyle and chalaza, 
that its relation to the radicle and cotyledonary portion of the embryo 
must also vary. In orthotropous seeds, as those of Rumex (fig. 606), 
the chalaza and hilum coincide with each other; the radicle is turned 
towards the apex of the seed, and the cotyledonary portion to the 
chalaza and hilum ; in this case the embryo is said to be antitropous 
or inverted (figs. 476 and 606). In anatropous seeds, as those of the 
Pansy (fig. 600), where the micropyle is contiguous to the hilum, h, 


Fio. 600. 



Fig. 005. Vertical section of tlie fruit of the ‘Nettle, containing a single 
seed. (. Integuments of the seed. pi. Placenta, r. Radicle, fit. Stigma. 

Fig. 606. Vertical section of the fruit and solitary ereot orthotropous 
seed of the Dock (Rumex). ov. Pericarp, mic. Micropyle. pi. Embryo 
which 1 b inverted or antitrojgms, ami turned towards one side of the albu¬ 
men, alb. eh. Chalaza. r. Iladiole.- Fig. 607. Vertical section of the 

carpel of MitabiUs JalajwL, containing one seed. a. Pericarp. $. Style. 
e. Peripherical embryo with its radicle, r, and cotyledons, r. p. Albu¬ 
men. t. Integuments of the seed.- Fig. 608. Vertical section of the seed 

of Lychnis dioica. te. Integuments, emb. Embryo on the outside of the 
albumen, alb. The embryo is amphitropous and peripherical. 

and the chalaza, ch, at the opposite extremity, {he radicle, r, points 
towards the hilum or base of the seed, and the embryo is said to be 
erect or homotropous. In a campylotropous seed, where the chalaza 
and micropyle are both near to the hilum, as in those of Lychnis 
(fi?g. 608), the two extremities of the embryo, which in snch oases is 
generally peripherioal, become also approximated, and it ia said to be 
amphitropous. When we vfish to know the direction of the embryo 
it is at once determined by ascertaining the position of the hilum, 
chalaza, and micropyle. 

We have now, lastly, to explain the different terms whioh are in 
use to express the relations whioh the embryo bears to the cavity or 
cell in which it is placed. The radicle is said to be superior or 
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ascending, as in the seeds of the Nettle (fig. 605, r) and Rumen- 
(fig. 606, r), when it is directed towards the apex of the cell or peri, 
carp; inferior or descending when it points to the base; centripetal 
if turned inwards towards the axis or centre; and centrifugal when 
it is turned towards the sides. These relations of the embryo to 
the other parts of the seed, and to the cavity or cell in which it is 
placed, are sometimes of much practical importance. 

(c) The Polycotyledonous Embryo. —In the seeds of the 
Gymnosperms, as already mentioned, there are often several 
cotyledons, and this may occur either as an irregular character, 
or as a regular condition, as in those of many members of the 
ConifercB (fig. 598, c), where we frequently find six, nine, or even 
fifteen; hence such embryos have been termed polycotyledonous. 
In all cases where the number of cotyledons is more than two, 
they are arranged in a whorl (fig. 598, c). Tarns, the Yew-tree, 
has only two cotyledons. 



BOOK II 

ANATOMY OF PLANTS 

CHAPTER I 

THE VEGETABLE CELL 

If we study the life-history of the simplest or the most complex 
plant with which we can become acquainted, we find that at 
some time or other in its existence it is found in the form of a 
minute portion of jelly-like substance, in some cases motile, in 
others incapable of locomotion. The zoospores and zoogonidia 
of the Alg® exhibit this 
structure. The gametes 
which are developed up¬ 
on the filamentous Sea¬ 
weeds are also such little 
naked masses. In the 
lowest plants, such as 
Ulothrix (fig. 609), these 
are ovoid bodies, furnished 
with long narrow appen¬ 
dages, by means of which 
they swim actively about 
in water. The jelly-like 
substance of which'they 
are composed is capable 
of carrying on all the processes of their life, and is, in fact, 
the living substance; it*is called protoplasm,. Many of the 
small reproductive bodies already described differ from these 
free-swimming organisms in having the protoplasm clothed 
by a thin, almost structureless membrane, which the living 
substance forms round itself. We have in these two parts, one 


Fro. 009. 



Fig. 009. Part of a filament of Ulothrix from 
which the gametes, <j, are escaping. g\ Free 
gamete. gr 1 . Gametes conjugating. 
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living, the other non-living. All such structures are known as 
cells. , 

When one of these cells has existed for a time, it becomes 
septated into two by the formation of a partition-wall of the 
same substance as the membrane which clothes it, the septum 
being formed by the protoplasm just as is the original mem¬ 
brane. Usually the two oells arising from such septation 
remain connected with each other; each in turn gives rise 
to another in the same way, and by the continuation of this 



1 ' 5r 

Li 


_ „ in process we get a mass made up 

IO ' ' of a number of colls. These 

structural units are not, how¬ 
ever, completely distinct, for the 
protoplasm of each is in con¬ 
nection with that of its neigh¬ 
bour by delicate filaments which 
penetrate the septa, or cell- 
walls, so that the living sub¬ 
stance of such a mass is organ¬ 
ically continuous throughout, 
being supported by the mem¬ 
branes which it has formed, 
which constitute indeed a kind 
of skeleton. 

A section through such a 
mass shows the appearance of 

fig. mo. Scmi-diajrrannuatic longitudinal a, number of chambers, each 
section of an old anil stout portion of . . , .. . ,, 

Ceramiitm rulrum, showing continuity occupied by a portion 01 the 
between till' protoplasmic contents of liyjjjg substance. It needs a 
tlie axial or central colls, a, a, at thoir ... . „ . ,. 

ends; and laterally with the cortical very high magnification to dlS- 

ajwthatof Aguish the connecting threads 

t Uremia radiating from the central mass or strands, which are of extreme 
in each cell. After T. Hick. tenuity (fi,,S. 010 and 611). In 

general, we may say then that a plant is built up of an aggre¬ 
gation of such cells. 

Some plants do not always form the dividing septa, so that 
in them we have many pieces of protoplasm, or protoplasts, 
connected closely with one another, and having only a common 
membrane or cell-wall surrounding the whole. Such a plant- 
body is called a ccenocyte. Others form relatively few septa, so 
that each division of the plant-body contains many protoplasts. 
Usually each protoplast occupies a separate chamber. In the 
higher forms subsequent changes in the character of the septa 
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givo rise to very different appearances in the cells, the latter 
showing groat differences in size and degree of development. In 
all cases, however, they arise in the manner described, by the 
activity of the protoplasm. 

We can thus see that the living substunce is the essential 
part of the cell, and all other structures found in connection 
with it are only subordinate to the requirements of the proto¬ 
plasm. 

In the simplest forms, each protoplast discharges all the vital 
processes of the plant. As, however, complexity of the plant- 
body increases, there may be observed a division of labour, par¬ 
ticular protoplasts taking up one, others another, duty. Some aio 
particularly concerned in nutrition, others in reproduction, and 


Fio. 611. 



Fuj. Oil. Conthiuity of the protoplasm of contiguous colls of the endosperm 
of a Palm seed ( Hentinckia). n. Contracted protoplasm of a cell. 6. A 
group of delicate protoplasmic fibrils passing through u pit in the cell-wall. 
(Higlily magnified, uftor Uardiner.) 

so on. This division of labour is the clue to the differences of 
structure and appearance which wo Jind in different parts of the 
plant-mass, cells being modified in relation to the work which 
ultimately falls to their share. Thus all differentiation of struc¬ 
ture is to be traced to division of labour. 

In the older parts T>f plank we find the cells consisting of 
the Wall alone, the protoplasm having disappeared. Such cells 
are, of course, not living. 

It is most convenient to'study first the vegetable cell as it 
exists in a portion of the higher plants, such as the younger part 
of a stem or root. If we cut a section of suoh a structure we find 
the cells all alike and all presenting the following features : 1. 
The limiting membrane or cell-wall. 2. The contents, consisting 
von. i. t 
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of the protoplasm and various bodies embedded in it or sur¬ 
rounded by it {figs- 612-614). The protoplasm, being tlje 
essential part, may be examined first. 
Fig. 612. The Protoplasm. —In the young 



Fig. 612. Cells from the root 
of Frtf Marta impertalh t. 
h. Cell-wall. k'. NucIpur. 
t, k. Nuolous with nucleoli. 
p. Prlmonlial utricle. p\p’. 
Protoplasmic threuils. «, *. 
Cell-sap oavity. s', .s'. 

Vacuolos. After Sachs. 


state of the cell the protoplasm fills 
it, and appears as a nearly transparent 
jelly-like material, somewhat granular 
in character, and saturated with water. 
This condition is only transitory. Very 
soon, in consequence of continual ab¬ 
sorption of water, the cell, kopt turgid 
and stretched by the internal pressure, 
increases in size; the water accumu¬ 
lates in drops, which gradually become 
larger, so that cavities appear in the 
substance of the protoplasm, which 
soon fuse together, forming one or 
more vacuoles filled with a fluid called 
the cell-sap. In such cells the proto¬ 
plasm often forms only a lining to the 
cell-wall, the centre of the cell being 
occupied by a single large vacuole 
{fig. 612). The protoplasm thus lining 
the cell was formerly called the pri¬ 


mordial utricle. 


In the substance of the protoplasm, whether filling the cell 
or not, there exists somewhere a specially differentiated portion 
called the nucleus {fit/. 612, h), and frequently other less 



differentiated portions, distinct from the main portion of the 
protoplasm, known as plastids. The bulk of the protoplasm, to 
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distinguish it from those specialised portions, is generally called 
the cytoplasm. It is not of the tame consistency throughout, a 
generally firmer portion lying next to the cell-wall being known 
as tho ectoplasm. A similar firm layer may frequently be 
detected round the vacuole. The exact chemioal composition of 
protoplasm cannot be ascertained, as analysis involves its death, 
and this is attended by changes in its substance. It contains 
carbon, hydrogen, oxygen, nitrogen, and probably sulphur and 
phosphorus. Enclosed in it are always varying quantities of 

Fig. CM. Fig. CIS. 



Fig. 014. Culls from leaf of Motlm : the arrows show the direction of the rota¬ 
tion,,f the protoplasm. «. Nucleus. )>. Protoplasm or primordial utricle, 

in which ore embedded numerous cliloropluats. ( X 300.)- Fig. G15. 

Two cells from a Htaimlial lmir of Trailnauitui The arrows Indicate the 
direction of tho circulation of the protoplasm. «. Nucleus, (x 300.) 


organic substances, such as proteids, fats, carbohydrates, and 
small portions of various inorganic salts. These various con¬ 
stituents are conneoted with tho nutritive processes of the cell, 
or its metabolism, and hence differ greatly in nature and 
amount from time to time. # 

In the case of the free-swimming protoplasts with which we 
began the study of protoplasm, we see that they are in active 
movement. As the protoplasm becomes enclosed in cell-walls 
this motility is, of course, less and less obvious. Indeed, in 
most cells it can hardly be distinguished. There is reason to 
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suppose, however, that protoplasm, wherever existing, is in 
constant motion. In many of the constituent cells of oven the 
higher plants this motility can be observed. In certain of the cells 
forming the leaves of many water-plants, e.g. Vallisneria, Nitella, 
Elodea (fig. 614), and others, a streaming movement of the 
granules the protoplasm contains can be detected with ease. 
In other plants of terrestrial habit, such as Tradescantia and 
Chelidonium, a streaming of the protoplasm is observable (fig. 
615). Such movements are spoken of as rotation when the 
stream Hows uniformly round the wall of the cell, or as circulation 
when the path has a more complicated course. 

Somewhere in the cell there is always to be be found a 
specially differentiated portion of the protoplasm known as the 
nucleus (figs. 614 and 615, n). It may lie in the centre, when it is 
attached to the sides by bands or threads of protoplasm ; or it may 
lie embedded in the layer which lines the cell. This body has a 
more definite structure than the rest of the cytoplasm; it is 
bounded at the surface by a delicate membrane, which is thought, 
however, to bo a denser layer of the protoplasm of the cell rather 
than to belong to the nucleus itself. The latter consists of two 
substances which differ from each other in their power of stain¬ 
ing with different reagents. The bulk of it is composed of a 
semi-fluid material known as nucleoplasm, in which is embedded 
a network of fibrils. The latter are composed of a hyaline 
substance in which lie close to each other a Dumber of granules 
or discs which stain deeply with many colouring matters. The 
fibrils contain the granules in Buch large proportion that except 
with very higli magnification the latter cannot be distinguished, 
and consequently the whole fibril appears stained. These fibrils 
are generally said to be composed of chromatin, the name having 
reference to nothing more than this reaction to stains. 

One or more small deeply staining bodies, termed nucleoli, 
are found in each nucleus, sometimes being very prominent, and 
at other times hardly distinguishable from the nodes of the fibrillar 
network. 

Chemically the nucleus much resembles the rest of the proto¬ 
plasm, but, in addition to the substances found to be present in 
the latter, the nucleus contains ^ body known ns nuclein, of 
which phosphorus is a constituent. 

Associated with the nucleus there have been observed in 
certain cases two very small bodies lying usually side by side at 
some point of its margin. These are called the centrnspheres. 
Each is spherical and hyaline, with a distinct outline, and con- 
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tains in its interior a central smaller body. This is known as 
the centrosome. 

In rare cases a true cell may contain several nuclei. This 
occurs in consequence of direct division or fragmentation of 
the original nucleus. It is seen only in old cells. 

Besides these typical constituents the protoplasm of many 
cells contains other differentiated structures, known aB plastids. 
These are special bodies which are charged with some definite" 
function, and point to an early division of labour in the cell. 
They are of a somewhat similar structure to the nucleus, being 
formed of a fibrillar network supported by a ground substance. 
Some of them arc colourless, others impregnated with different 
colours. The first are called Icucnplasts, the others chloro- or 
chromoplasts, according to their hue, the green ones or chloro¬ 
phyll bodies being thus distinguished from all others {fig. f>14). 

The plastids must be distinguished from other cell-contents 
such as will bo described later. They are independent bodies 
charged with the performance of definite functions ; they always 
lie in the substance of the protoplasm, and not in the vacuoles; 
they have a power of multiplication by division, quite apart 
from the activity of the cell-protoplasm. Their shape and their 
dimensions vary extremely in different cells, but they are gene¬ 
rally spheroidal or discoid. There seems to be but little difference 
between the cliloroplast and the leucoplast, the latter being 
formed in parts to which light has no access, the former occur¬ 
ring in parts exposed to light. In the presence of light the 
leueoplasts can develop a green colouring matter, becoming 
chloroplasts. 

The colouring matters of the different plastids can be ex¬ 
tracted by various solvents, leaving a colourless basis. The 
green colouring matter of the chloroplasts, which is known as 
chlorophyll, can be dissolved out by alcohol, benzol, and other 
fluids. The red or brown colour of the chromoplasts of the red 
or brown seaweeds is soluble in cold distilled water. They are 
found after removal of # thcse pigments to contain chlorophyll as 
well. 

Cfiromoplasts of various colours give their tints to many of 
the brilliant floral leaves, jyirtieulaiiy those which are yellow 
or scarlet. These are generally derived from chloroplasts, the 
leaves when young being green. 

We have seen that, at some period of their life, many of the 
lowliest plants consist only of a small ovoid mass of protoplasm 
with two appendages or flagella at one end. These flagella, like 
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the rest of the cell, are composed of protoplasm, and are espe¬ 
cially capable of vigorous movement, showing a certain differ¬ 
entiation with that object. Other naked masses of protoplasm 
are not furnished with these flagella, but possess much shorter, 
more delicate threads known as cilia, which are placed either 
all over their surface, as in the case of the zoocoenocytes of 
Vaucheria, or form a ring near one end, as in the zoospores of 
CEdogonium {fig. 666, c). In many of such naked cells there 
is a specially coloured corpuscle, usually red, known as an eye- 
spot. In others a special vacuole in the protoplasm shows a 
rhythmical enlargement and contraction. This is known as a 
contractile vacuole. It recalls a similar structure in the lowest 
animal organisms. 

Tuf. Cell-wall. We ha\e seen that in most cases the first 
evidence of the vital power of the protoplasm is the formation 
of a membrane which surrounds it on all sides. This is known 
as the cell-wall. It is chiefly composed of a substance known 
as cellulose, with which in most cases other bodies known as 
pcctoscs are more or less closely incorporated. Cellulose has a 
very complex molecule, into which only the elements carbon, 
hydrogen, and oxygen enter, the latter two existing in the same 
proportion as they do in water; this body is consequently a 
member of a group of substances known as carbohydrates. Its 
chemical formula is often written C,,II m 0 5 , though probably it 
should be some multiple of this. Sugar and starch are other 
members of the same group. 

Cellulose is a colourless transparent substance, easily per¬ 
meable by water and by substances in solution in it. It cun be 
stained violet by iodine in the presence of sulphuric acid or 
chloride of zinc. 

The solid portion of the cell-wall contains a varying quantity 
of water. Various theories have been advanced as to the way 
in which the latter is combined with the other constituents. 
Niigeli has suggested that the wall is composed "of micella:, 
or needle-shaped crystals of cellulose, arranged with their long 
axes at right angles to the surfaco of the wall, and sur¬ 
rounded by a thin film of water. According to Strasburgfer the 
particles of cellulose are arranged in a network, water occupying 
its meshes. In either case the quantity of water is capable of 
considerable increase or diminution, and the wall can be made 
to swell up by causing it to imbibe more fluid. This can be 
brought about by exposing it to the action of strong acids, such 
as sulphuric acid. 
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A different view of the composition of the cell-wall has been 
lylvaneed in recent years by Wiesner. He holds that the sub¬ 
stance of cell-wall as it is first formed consists of rows of 
granular bodies which he terms dermatoaomcs, which ore united 
together and surrounded by protoplasm, and which ultimately 
become collulosc. On .this hypothesis the cell-wall is living 

Fig. 616. Fig. .617. Fin. 618. Fig. 619. 



Ftg. 616. Rounded colls.- Fig. 617. Elliptic or oblong cell.- Figs 618,619. 

Polygonal cells in combination: those of the latter figure being pitted. 


while young and growing. The protoplasm thus exists between 
particlos'of cellulose, and holds water in its substance. 

As the cells grow there is a continuous formation of cellulose, 
due, like its first formation, to the vital activity of the protoplasm. 
By irregularity of growth, due to internal causes bringing about 
greater possibility of stretching in certain places, cells become of 
various forms ; when the growth is uniform, or nearly so, in all 
parts of the cell-wall, we have a spherical or rounded cell (fig. 
616); but when it is greater at the two extremities than at the 
sides, the form is oval or oblong (fig. 617). In both these cases, 
also, the cells are almost, or entirely, free from external pres¬ 
sure. But under other cir¬ 
cumstances, in consequence 
of the mutual pressure of 
surrounding cells, they as¬ 
sume a polygonal form (figs. 

618 and 619), the number of* 
the angles depending upon 
the number and arrangement 
of the contiguous cells. 

When growth takes pla$e 
on all sides of the cell-wall, 
but certain spots arc more 
extensible than the rest, tho 
internal pressure causes protrusions at those places, so that 
we have rays projecting from them in various directions, and 


Fio. 620. Fig. 621. 



UcM 


Ftg. G20. Stellate cells.- Fig. G21. Cylin¬ 

drical cells. The small ronnded body iti 
the interior of three of these cells is the 
nucleus. 
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they acquire a more or less regular star-like shape (fig. 020)!; 
such cells are callod stellate. The rays may be situated in oro 
plane, or project from all sides of the cell. Such cells rarely 
have the rays occurring at regular intervals, or all of one 
length, but various degrees of irregularity occur. 

When the growth takes place chiefly in one direction, we 
have cells which are elongated, either horizontally or vertically. 
Of the latter we have such forms as the cylindrical (fig. 621) 


Fie. 022. Fie. 623. 


Fie. 624. 



Fig. 622. Elongated fusiform cells.- Fig. 623. Fibrilliform colls (hypher). 

Fig. 624. Transverse section of a thick-walled cell of tlie pith of 

Ho ft a carnosa. From Von Mold.- Fig. 625. Thick-walled cells from the 

fruit of a Vftlm. a, a. Cell-walls, h , h. Concentric layers of thickening. 
c. Canals extending from the central cavity to the inside of the wall 
of tho cell. d. Cavity of the cell, e , e. External dotted appearance. 
From Unger.- Fig. 626 Striated fibres from bast of Lime tree. 


and the fusiform (fig. 622): by the mutual pressure of con¬ 
tiguous cells, the latter often become prismatic. In many 
Fungi the common cell-wall of the coenoeyte is elongated, very 
delicate and thread-like, and either simple or branched 

(fid- 623). 

When the cell has attained its full size, or in some casos 
while itis still growing in surface, its wall becomes thickened by 
the deposition of successive layers over those already formed. 
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A transverse section of many cell-walls shows traces of this mode 
•of thickening, the successive layers appearing as shells of sub¬ 
stance lying one upon another. Such a cell-wall is said to be 
stratified {fig. 624 and 625). Viewed longitudinally, the walls 


Fio. 628. 

Fio. 629. 

Fio. 630. 

Fio. 

631. 
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Fig. 627. Spiral oell.- Fir/. 028. Annular cell- 

cells.- Fig. ii 30. Pitted and reticulated cell.— 

the Yew ( Ta.rns baccaln ). After You Mold. 


— rtg. 629. Reticulated 
-Fig. 681. Wood-cells of 


often appear covered with delicate oblique striations which may 
run regularly in one direction only, or may bo crossed by others. 
This is due to the way in which the protoplasm deposits the now 
particles of cellulose upon the layers already existing, a succes- 

Fio. 632. Fin. 633. Fio. 634. Fio. 635. Fio. 636. 


. Fig. 632. Simple spiral vessels.- txn 638. Annular vessel.- Fig. 634. 

Reticulated vessel.-- Fig. 635. Cylindrical scalar!form vessels of the 

Vine.- Fig. 636. Pitted tmcheYd terminating obliquely, and showing 

that the partition wall ha%been incompletely absorbed. 

sion of spiral bands being laid down with their edges in contact. 
Such striations can be well observed in many of the elongated 
cells or fibres which form part of the soft portions of the vascular 
bundles of the higher plants (fig. 626). 
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It generally happens that, when cell-walls are being thick¬ 
ened, the new deposits of cellulose are not laid down uniformly 
over the surface, but instead form ridges or prominences of 
various patterns, with nnthickaned portions between them. 
The thickening may take the form of a spiral band, winding 
obliquely round the interior of the cell; it may be deposited in 
the form of rings placed regularly along its greater axis; or 
it may be laid down irregularly, giving rise to particular patterns 
upon the wall. These forms are known as spiral, annular, 
and reticulated thickenings respectively (figs. 682-684). In 
other cases the thickening may extend over the greater surface 
of tho wall, leaving only small unthickoned spots. Such a cell- 
wall is said to be pitted. When two cells side by side are 
undergoing thickening simultaneously, tho thick and thin 


Fio. 637. 



Fig. 637. Cells whose walls are in process of thickening. The thick and 
thin places on the separating wall correspond in position, jj. Pits or thiu 
places, a. Thickening deposit. 

places of the separating wall correspond in position, and the 
pits appear as delicate canals which in some cases serve as 
means of communication between the cells (figs. 625 and 
687). 

In the cell-walls of the wood-cells of certain trees we find pits 
of peculiar formation, each appearing to be surrounded by a ring. 
These are known as bordered pits. The cells in which they 
occur are long fusiform elements, and are characteristic of the 
secondary wood of the Coniferce. The appearance is produced by 
circular patches of the cell-wall remaining thin after the general 
thickening has commenced, and the rim of the thickening layer 
bounding them growing obliquely inwards, leaving ultimately 
only a narrow orifice in the centre; or, in other words, the 
opening of the pit into the interior of the cell is narrow, and the 
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pit itself is funnel-shaped (fig. 639, a, b, r). As these thicken¬ 
ings always occur in pairs, that is, one on each side of the cell- 
wall, they appear as two watch-glasses would do if placed rim 
to rim, and separated by a thin sheet of paper. To carry out 
the comparison completely, however, the watch-glasses must 
be supposed to be perforated in their centres (fig. 639, b). The 
central spot, which appears lighter than the rest of the pit when 
examined by transmitted light, is caused by the light having to 
pass only through the thin unthickened cell-wall or membrane 
(fig. 689, r, w ),"while the darker colour of the border is caused 
by the light having to pass through the thicker substance of the 
rim. The membrane has a separate central thickening called 
the torn*, which thus lies inside the pit, and is about as large as 


Fig. 638. Fig. 639. 



Fig. G38. Bordered pits of tlie wood-eel lx of the Pine, with a single row of 

discs on each cell- Fig. 039. Bordei <i pits of the wood-cells of the Pine 

(diagram). a. Young stage with nthickened cell-wall or membrane. 
The straight part on the right shows a section through a pit with the 
rim beginning to project: the circle »n the left shows the rim in Rurface 
view. Dotted lines connect correspo .ling parts, b. Older stage showing 
the membrane with its torus, c. Hi-mi-profile view, showing position of 
membrane, ir. After Sachs. 


the central opening, which it can therefore block up when great 
tension exists on either side of the membrane, forcing it out¬ 
wards. In very old wood this intervening membrane often 
becomes absorbed, and then direct communication between the 
adjoining cells is possible. 

These bordered pits occur cither in single (fig. 638) or in 
ddublo or triple rows. In those eases where there is more than 
one row of them, those in each row may be either on the same 
level, as is usual, or at different levels, and hence alternate to each 
other, as in the Araucarias and allied trees. 

Cells presenting such a characteristic appearance axe of 
universal occurrence in the wood of the Coniferce and Taxaceee, 
where they can be most distinctly observed. But somewhat 
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similar bordered pits of smaller size may be found also in many 
other Phanerogams. 

The material of which tho cell-wall is originally composed is 
a mixture of cellulose with various pectic bodies. The reactions 
by which cellulose may be recognised arc— 

1. It is insoluble in water, weak acids or alkalies, alcohol, 
ether, benzol or other aromatic liquid, but dissolves in ammo- 
niacal solution of oxide of copper (Schweizer’s reagent). 

2. It is permeable by water, extensible, and elastic. 

8. It swells up and slowly dissolves when treated with strong 
sulphuric acid. 

4. It stains violet when treated with sulphuric acid and 
iodine, or with a solution of iodine in potassic iodide and 
chloride of zinc. 

5. When it is viewed by polarised light it causes the rays to 
be deflected to the left. 

The poetic bodies, chiofly consisting of pectosc, pectin, and 
pectic acids, are not solublo in Schweizer’s reagent, but are 
slowly dissolved by tho successive action of acids and alkalies. 
They do not stain violet with iodine, either alone or in conjunc¬ 
tion with sulphuric acid or the chlorides of the heavy metals. 

The cell-wall seldom remains simple ; soon after formation 
changes occur in it, admixturo of mineral substances to a con¬ 
siderable extent often rapidly taking place. The chief of these 
are salts of calcium, usually the oxalate, but often the carbonate. 
Some cell-walls show a copious deposit of regular crystals of 
one of these—-such are tho cells of the bulb-scales of the Onion, 
the fibres of the bast of Ephedra, and others (fig. 640). In 
many plants copious deposits of silica are found in the cell-wall, 
notably in the epidermal colls of Grasses and Equisctaeece. In 
some plants of the Nettle family curious cellulose projections 
occur in some of the cells of the epidermis which contain 
irregular masses of calcium carbonate. These aro known as 
cystoliihs (fig. 042). 

Besides these admixtures of foreign substances, cell-wall is 
found to contain other bodies derived from changes in its cellu¬ 
lose or pectose constituents. Of these, three are especially pro¬ 
minent—lignin, cutin, and mucilage. Lignin is the material 
which is especially characteristic of wood-cells. It is permeable 
by water very readily, but, unlike cellulose, it cannot retain much 
in its substance, nor can it swell up under the influence of sul¬ 
phuric acid. It can be recognised by turning red when treated 
with phloroglucin and hydrochloric acid. The wall of a wood- 
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cell does not consist entirely of lignin, but of ft cellulose basis 
fvhich is largely impregnated with this substance. By the action 
of nitric acid and chlorate of potash the lignin can be dissolved, 
leaving the cellulose framework. 

Cutin is found chiefly in the external layers of the thickened 
epidermal cells, and is also met with in the walls of cork cells, 
where it is frequently associated with a certain amount of lignin. 
It differs from cellulose in many points: it is but slightly 
permeable by water, and it stains yellow instead of violet when 
treated with iodine and sulphuric acid. It turns yellowish- 
brown when acted upon by strong alkalies such as caustic potash. 


I'm. 640. Fia. 641. 


Fig. 642. 




FtH. 64(1. UHst cell of Kphetlm with crystals embedded in 

the wall.-/’<//. 641. CystolitU from f’anrtciria ojfimialin. 

/’» (j, 042. CystolitU from the loaf of Ficttt elaxtkn. ep. 
Throe-layered epidermis, pa, Parenchyma of leaf. cyt. 
Cystolitii. 


Like lignin, cutin is soluble in warm nitric acid and chlorate of 
potash. 

Mucilage is found in the cell-walls of certain layers of the 
coats of such seeds as linseed, and in the cells of many Algic. 
It absorbs water greedily and swells up considerably. It gives 
a violet colour with iodine and sulphuric acid, as cellulose does, 
differing from the latter chiefly in the ease with which the 
absorption of water is brought about. In some cells the muci¬ 
laginous degeneration of the cell-wall goes so far as to lead 
to the production of gum 4 which is soluble in water. Exuda¬ 
tions of gum produced in this way are very common on Cherry 
trees. 

A peculiar modification of the cell-wall can be easily observed 
between contiguous thickened cells, constituting the middle 
lamella. This occupies the position of the original cell-wall, and 
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at first sight might be taken to be the latter, after several 
thickening layers have been deposited upon it. This is not, how, 
over, the case, for the thickened wall has been the seat of much 
chemical alteration. The nature of the middle layer varies; in 
adult cells which have not become lignified or otherwise altered 
it consists of a compound of pectic acid and calcium. This layer 
can be distinguished between even very young cells, by appro¬ 
priate reagents. 

The cell-wall is often found to be impregnated with wax, 
which in some cases is so plentiful as to form a layer of particles 
on the external surface. This can be seen in the bloom of cer¬ 
tain fruits, such as the Plum and the Grape; also on the leaves 
of the Wax Palm. 

Certain modifications of cellulose also occur, unmixed with 
any of these derivatives. The walls of the hyphte’ of Fungi afford 
an example of these ; the cellulose, sometimes called fungus cellu¬ 
lose, does not turd* violet when treated with iodine and sulphuric 
acid. In the walls of certain cells, such as those of the bast of 
Lycopodium, the endosperm of the Pieony, and the cotyledons 
of some of the Leguminosee, a variety of cellulose is found which 
stains blue with iodine alone. 

Chemically regarded, the cell-wall is thus seen to be very 
complex in composition. Originally it consists mainly of cellu¬ 
lose, with a small admixture of pectoses; as it grows older this 
simplicity disappears, and it is found to bo a mixture of those 
primary constituents with various products of their decomposi¬ 
tion, which are present in widely differing proportions, or with 
other materials which have been absorbed by it and deposited 
in its substance. 

The Cell-contents.— Besides the protoplasm or living mate¬ 
rial present in the cell, very many other substances are found 
there which are extremely variable in nature and amount. All 
these are to be associated in some way with the vital activity of 
the protoplasm. As the latter is practically stationary in the coll 
and carries on its life-work there, it is evident that the substances 
necessary for its nutrition must be brought' to it; and as these 
can pass readily from cell to cell only by means of the water 
which saturates the living parts, they must be in solution. The 
water whioh is. always present in the cell is known as the cell- 
sap, It may lie equally distributed through the protoplasm, as 
in young cells, or it may occupy as well the spaces in the latter 
which we have already described as, vacuoles. It is never present 
as pure water, but always has various chemical substances dis- 
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solved in it. Besides containing tho inorganic substances ab¬ 
sorbed from outside, it also has in solution in it many bodies which 
nave been made by the activity of the protoplasm; and as the 
processes carried out by the latter vary greatly in different 
cells, the cell-sap has no constant composition, but is affected 
in different cases by the nature of the work the cells do. 

Tho substances which the protoplasm constructs are again 
destined to different purposes. Some are to be used up in various 
ways, either in the cell in which they aro formed, or in other 
cells to which they are to bo transported. Theso are generally 
known as reserve materials. They may remain in the cells for 
a longer or shorter period. Others are to be regarded as maiorial 
which is of no further use to the plant at all, and are therefore 
to be got rid of. It is important to remember that the plant, 
unlike the animal organism, has little or no power to excrete 
anything from its body. Waste products, therefore, instead of 
being thrown off at once by definite channels, are usually packed 
away in particular .cells of the plant—for instance, in the bark 
of trees. 

Other products are neither reserve nor waste materials, but 
are formed in the cells to perform definite work there; such are 
the bodies known as enzymes or ferments, which carry out many 
chemical changes in the substances deposited in the cells. 

As we have seen, many of these various bodies exist in the 
cell-sap in a state of solution ; others, however, are deposited in 
a solid form. We can explain the presence of the latter in the 
same way as that of the others; they are either reserve or 
waste products, or charged with a definite duty in the work of 
the cell. 

The cell-contents, varying thus from place to place and from 
time to time, stand in a very different position from the proto¬ 
plasm, which is constant in its presence during the time the cell 
is living. The protoplasm carries out the vital work, aided by 
the various plastids already alluded to, when these are present. 
The other cell-contents are to be regarded only as aiding or 
resulting from the wotk of the protoplasm or the plastids. 

Che bodies included in the cell-contents, using the term in 
this restricted sense, may be divided into two groups: those 
soluble and those insoluble*in the cell-sap. Among the former 
aro included constructive materials for the protoplasm, such as 
freshly absorbed inorganic salts, and more highly elaborated 
bodies destined either for immediate use, or temporary storage, 
or possibly merely on their way through the cell. Various 
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carbohydrates, chiefly sugars, vegotable acids and their Balts, 
nitrogen-containing bodies in the form of amino-acids, belong tq 
this category. Other substances, possibly nutritive, possibly only 
the by-products of nutrition, such as tannin, various glucosides, 
alkaloids, and other complex bodies, are also to be met with. 
In many cells, though with a more restricted distribution, we 
find various colouring matters in solution, chiofly blues, violets, 
or rods. 

The bodies which form the second or insoluble group 
include starch grains, fats, proteid reserve mAerials, either in 
amorphous, granular, or ueyst^Uine ftjpn, and crystals of in organic 
salts. + f 

All these call forseparate description. . * 

Slarcli Grairn.- -inarch is not only widely'distributed 
through the different parts of a plant, but it also occurs in varying 

Fig. 64^ * Fiu. 044. , Fig. 4*5,;' 



Fig. 643. Cell of tlu* Potufc/^eontfuiiiug si%eh granules.- Fxg. 641. West- 

ludui Arrowroot ( x 230).- Fig. 645. Sago uieal ( X 250). 

quantity in all classes of plants with the*'exception of the Fungi. 

In all cases starch is a transitory product stored up for future 

use. When required for the nutrition of the plant, it is converted 

into sugar, which is a soluble substance, and can therefore be 

at once applied to the purposes of nutrition, which is not the 

case with starch in its unaltered condition, as it is then insoluble. 

When fully-formed starch is found floating in the cell-sap, it 

is in the form of colourless granules or grains (fig. 643), which 

are either distinct from one another, or more or less combined 

* 

so as to form compound granules (figs. 649 and 652). 

In form the separate granules are always spherical or nearly 
so in their earliest condition. In some cases this shape is 
nearly maintained in their mature state, as in Wheat starch 
(fig. 650), but the granules frequently assume other forms, 
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becoming ovate, elliptical, more or less irregular, club-shaped, 
o% angular {figs. 644-647 and 651). Starch granules vary- 
extremely in size in different plants, and even in the same cell 
of any particular plant. The largest granules known appear to 
be those of Canna starch, or, as it is commonly termed, 1 Tous-les- 
mois,’ where they are sometimes as much as the of an inch 
in length {fig. 647); while the smallest granules, among which 
may be mentioned those of Rioe starch {fig. 651), are frequently 
under z^rra of an inch in length. 

Starch first mikes its appearance as minute colourless 
granules in the interior of thq, chlorophyll grains when exposed 
to sunlight. These primary starch, grammes rarely grow to any 
considerable^Size. Im. the parts of the plant which are not 
exposed, to- li^ht, graiip. of larger dimension# and of some 


‘Fig, §46. FuCjfil. ^ ^ Fio. 648. 



Fig. 046. Group of roil-like loucaplintids, l, each bearing a starch grain, 
collected round the nucleus, n, ot-Jk cell of the j(gMido-bulb of an Orchid 
(Fhajusgrandifoliut ). x 600. After Soliimper.—- -Fig. 047. Tous-les-mois 
( x 260).- Fig. 048. Potato starch ( x 260). 

''A ** 

complexity of structure are met with. These are formed by the 
activity of another form of plastid, much like the chloroplast, 
but, on account of the absence of the green colour, known as a 
leucoplast or amyloplast {fig. 646). In a grain formed by such 
a leucoplast {figs. 647 and 648), we may observe a roundish 
dark spot, which is terAed the bilum, situated near one end of 
the gfanule; and surrounding this a variable number of faint 
lines which alternate with other darker ones, so that the whole 
presents the appearance of a series of more or less irregular 
concentric shells placed around a common point. The cause of 
these appearances has given rise to much discussion ; but from 
the observations of Schimper and others there appears to be no 
doubt that these shells are separate layers of starch Bubstance 
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that have been deposited successively by the amyloplast round 
the first formed portion, which is therefore more or loss central. 
The various shapes of starch grains are due to irregular 
deposition of these layers. If the grain is formed regularly in 
the interior of the amyloplast, the layers are concentric; if the 
formation commences .towards some portion of its exterior and 
quickly bulges outwards, the layers are irregular, being thicker 
and more numerous on the end of the grain which is nearest to 
the bulk of the plastid, as in the Potato (jig. 648). Probably 
the grain is always covered by the substance oTthe plastid, 
though there may be only a very delicate film-like layer of the 
latter over the protruding portion of the starch grain. 

Compound starch grains are frequently met with. These 
are of two kinds ; some are due to two or more -grains having 
been pressed together during their development. Such grains 



Fifl. 651. 



Fig. 649. Compound starch granules of West-India Arrowroot. After Sehlci- 
deu. Fig. 650. Wheat starch ( x 250).—r -Fig. 651. Rice starch ( x 250). 


usually originate by two or more arising symmetrically in the 
ihterior of the same plastid. Others Ere found to contain two 
or more hila, each with its concentric rings, and the whole 
surrounded by several layers of the same material. In this 
case the amyloplast has begun to form two or more grains at 
points towards its exterior, and these in time have come into 
contact. The further activity of the plastid has led to the 
aggregation becoming surrounded by deposits or shells of starch 
(fig. 652, b). 

In some casfs the staroh grains are of extremely curious 
shape. They may be linear, or like dumb-bells with elongated 
handles, as in Euphorbia (fig. 658). The latter are formed 
by plastids which are more active at their extremities than 
along the intermediate portion. 

In many cells the starch grains are extremely minute and 
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occur in enormous numbers, as in the style of the Lily. These 
spcftks are probably formed directly by the protoplasm, as no 
plastids have yet been discovered in the cells of this tissue. 

The starch granule consists of the true starch-compound and 
water. The starch-compound is composed of two substances, 
which are intimately blended together, viz. granulose and starch- 
cellulose. The granulose makes up by far the greater part of 
the starch-compound; it is capable of being dissolved out of 
the cellulose by saliva and dilute acids, and it is to it that the 
starch granule owes the violet-blue colour which it assumes 
when treated with a solution of iodine. The cellulose on the 

Fio. 653. 


Fig. 652. 

B 



Fig. 062. a. Compound ; b. Semi-oompound 

grannie of starch.- Fig. 663. Part of 

a luticiforouB cell from Euphorbia 
splendent ; it contains starch grannies 
of a peculiar dumb-bell and somewhat 
rod- and bonc-like form. 



other hand, not being soluble, is left behind as a skeleton, and is 
not coloured blue by the iodine solution. 

Starch is insoluble in cold water, aleohol, ether, and oils. 
By the action of boiling water it swells up and forms a mucilage 
or pasfe; if when cooled iodine be added to this, a deep blue 
colour is produced; this colouj disappears on heating the mix¬ 
ture, returning, however, as it cools. The starch grain gives 
the same reaction with iodine os the solution. If starch be ex¬ 
posed to a temperature of about 820° F. for a short time, it is 
converted into a soluble gummy substance, called dextrin or 
British gum. By the action of dilute sulphuric acid it is 

V 2 
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converted into sugar. Tlie saute change is brought about in the 
cells of the plant by a peculiar nitrogenous body known as 
diastase,, a member of a group of bodies termed enzymes, 
which are of widespread occurrence in plants and which will be 
spoken of later. Starch affects polarised light in a somewhat 
similar manner to cellulose. 

Proteids .—We have already seen that the protoplasm of the 
cell encloses in its meshwork varying quantities of the peculiar 
nitrogenous material known as proteid. In some cells this exists 
in large proportion in amorphous form. In many cases, how- 


Fio. 654. Fig. 655. 



Fig. 654. Coll from the endosperm or albumen of the seed of the Castor-oil 
plant (Ricinus communis ) in dilute glycerine, showing large transparent 
proteid or aleurone grains, with, crystalloids and globoids embedded in 

them. After Sachs.- Fig. 655. Cells of a very thin section through a 

cotyledon of the embryo in a rij* seed of the common Pea (IHsum 
sativum), a, a. Aleurone grains, st. Starch granules, i, i. Intercellular 
8paces. After Sachs. 

ever, it is deposited in the form of grains of definite shape and 
sometimes of complex character. These grains are known as 
aleurone grains. They consist of mixtures of proteids belong¬ 
ing to the globulin and albumose classes, which show considerable 
differences in solubility. In most cases they can be seen to lie 
in a coarse meshwork of protoplasm. They arc especially 
characteristic of the cells of the interior of the seed. 

The aleurone grains vary very much in size and shape. In 
the Pea they may be seen as very small round bodies lying in 
the same cells as starch grains (fig. 655). In the Lupin they 
are larger, and occur in conjunction with oil, but not starch. In 
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both these cases they show no structure. In the Castor-oil t seed 
and in that of the Brazil nut they differ from the simple forms 
described. The larger part of the aleurone grain is occupied by 
a crystalline portion, known as the crystalloid. This, like the 
grain itself, is proteid in character. There is present also in 
these grains a rounded aggregation of mineral matter, a double 
phosphate of calcium -and magnesium, which is termed the 
globoid (fit/- G54). 

In a few cases cells are found to contain crystalloids of 
proteid not included in an aleurone grain. Such bodies occur 
frequently in certain parts of the tuber of the Potato, and in 
some Seaweods. 

Fats and Oils .—Certain cells, generally in the fruit or seed, 
contain fats or oils saturating the protoplasm, or sometimes 
occupying nearly the whole of the cell-cavity. Ethereal oils are 
found similarly in cells of various parts of the leaves or stems, 
usually in small aggregations of cells in the interior of the 
tissue, or in cells of the hairs which grow from the epidermis. 
These are generally spokon of as oil-glands, or glandular hairs. 

Beams .—In certain plants, particularly those belonging to the 
natural order Coniferce, certain aggregations of cells are found 
to contain quantities of peculiar matorial, generally termed 
resm. This material is different in composition in different 
plantsit may be recognised by its staining red with alcoholic 
tincture of alkannin. It is soluble in alcohol, benzol, and ether, 
but insoluble in any watery fluid. 

Baphides .—This name is now very generally applied to all 
inorganic crystals of whatever form which are found in the cells 
of plants, although the term rajiliidcs was originally given to 
those only that had the form of needles (figs. 658 and 659). 
Baphides may be found more or less in nearly all orders of 
plants, and in all their organs; generally, however, they are 
most abundant in the stems of herbaceous plants, in the bark 
of woody plants, and in leaves and roots. In some plants they 
occur in such enormous quantities that they exceed in weight 
the dried tissue in which they are deposited: this may be 
especially observed in some members of the Cactacece. The 
raphides are usually contained in cells from which starch, 
chlorophyll, and other granuf&r structures are absent (fig. 658), 
although this is by no means necessarily the case. 

The raphides may occur singly in the cells, as in those of 
the bark of the Locust tree (fig. 656); but far more commonly 
there is a number of crystals in the same cell. In the latter 
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case they are usually placed either side by side, as in the stem 
of Rumcx {fig. 658); or in groups radiating from a common 
point, and so assuming a clustered or conglomerate appearance, 
as in thestem of the common Beet {fig. 657). The former 
have been termed aeicular raphides, and the latter con¬ 
glomerate raphides or spliceraphides. 

In the oommon Arum, where raphides are very abundant, 
and in some other Aracece the cells which contain the raphides 
are filled with a mucilaginous sap; when they are moistened 
with water the sap absorbs it freely, so that they are distended 
and caused ultimately to burst and discharge their crystals 
from an orifice it each end (fig. 659). 


Fig. 656. 


Fig. 657. 


Fig. 668. 



Fig. 659. 



Fig. 666. Solitary oryRtals in the cells of the bark of the Locust tree. After 

Gray.- Fig. 667. Conglomerate raphides or spheeraphides of the Beet. 

Fig. 668. Aeicular or true raphides of a species of Rumen Two cells 
contain raphides, and three of them chlorophyll granules.— Fig. 669. 
True or aoicular raphides of an Arum being discharged through endos- 
rnose under the influence of water. 


The crystals thus described consist generally of calcium 
oxalate, which orystallises in two forms according to the propor¬ 
tion of water it contains. When the crystals contain six equiva¬ 
lents of water of crystallisation, they form octahedra (fig. 667), 
as in the conglomerate raphides or spheraphides; when, on the 
other hand, there are only two equivalents of. water of crystallisa¬ 
tion, bundles of acioular crystals or true raphides are produced 
(figs. 658 and 659). In rarer cases the crystals are composed 
of calcium carbonate. 

The raphides are usually regarded as waste products, or bye- 
products of the metabolism of the cell. They are frequently 
surrounded.by a delicate pellicle of cellulose, thus being shut off 
from contact with the protoplasm. 
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Of the substances which are met with in solution in the eell- 
qpp, little more need be said at present. The kinds of sugar 
found are chiefly maltose, grape sugar, and cane sugar. A pecu¬ 
liar carbohydrate body, inulin, is found in the tubers or tuberpus 
roots of certain of the Composite, particularly the Dahlia and 
the Artichoke. This substance has the same percentage composi¬ 
tion as starch, and, like the latter, is readily convertible into a 
form of sugar. It can be made to separate out from the cell-sap 
by keeping the tissue containing it in spirit. A section taken 
through such a piece of tissue and mounted in water will show 
large sphsero-crystals of inulin, often extending through several 
contiguous cells (fig. 660). 

Fio. 660. 

B 


Fig. 660. Spheero-crystala of inulin from the Artichoke, a. Small crystals in 
interior of cells, b. Large crystals extending through many oellg. ( x 260) 

The amino-acids, such as asparagin, leucin, &c., which are 
found in the cell-sap, are generally the result of the decomposi¬ 
tion of proteid material. They are very prominent in young 
seedlings and in germinating seeds. 

In many cells the peculiar bodies spoken of as enzymes 
occur. These are very varied, and a discussion of their pecu¬ 
liarities must be deferred to a later section of this work. They 
can only be detected in cells by the results of their activity. 

.The cells vary much in size in different plants, and in 
different parts of the Rame plant. Polygonal or oblong cells, on 
an average, vary from about to tsW of an inch in diameter; 
others again are not more than sdns ; while in some cases they 
are so large as to be visible to the naked eye, being as much as 
^ or even of an inch in diameter. The largest occur in the 
pith of plants, in succulent parts, and in aquatic'plants. 
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The dimensions of elongated cells generally afford a striking 
contrast to those of polygonal ones; for while we find that then- 
transverse diameter is commonly much less, averaging about 
xsW of an inch, and frequently not more than yfav, they 
become much more extended longitudinally, sometimes reaching 
four, five, or more inches in length. More generally, however, 
they vary from about fa to ^ of an inch in length. 

Those cells again which have an unrestrained development are 
frequently also far more extended in length. The cell of which 
each filament of cotton is formed is sometimes as much as one 
or two inches long. On the other hand, some of the minute 
cells known as microbes or micro-organuvu arc not more than 
ssicff of an inch in diameter. 
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CHAPTER II. 

FORMATION OF CELLS—TISSUES. 

We have seen that every plant commences its life as a single 
cell, sometimes a naked piece of protoplasm, as a gamete, or one 
clothed with a cell-wall, as most kinds of spore. It follows from 
this that all the cells of which the most complex plant body is 
composed are derived from one of these by some process of multi¬ 
plication. In this, as in all other vital processes, the protoplasm 
is the active agent. In the production of the gamete or spore it¬ 
self we have to do with the formation of a new cell, generally but 
not necessarily by a process of multiplication; while in the case 
of all zygospores and oospores the new individual is the result of 
fusion of cells, and therefore involves diminution instead of 
increase of number. 

We may distinguish several different methods of cell forma¬ 
tion, which can, however, be classed under the two heads men¬ 
tioned above. First we will take those cases in which the new 
cell results from the division of an antecedent cell, and after¬ 
wards those in which no such division takes place. 

1. Formation of New Cells by Division of Antecedent 
Cells.— This is by far the most frequent method. Usually a 
cell divides into two, and a wall is immediately formed between 
them. Less often a variable number of cells is formed in 
the interior of a cell, known generally as the mother-cell, and 
they become clothed with cell-walls simultaneously or not at all. 
The former is most common in vegetative, the latter in repro¬ 
ductive processes. The two processes are termed cell-division 
anc Is free cell-formation. 

Cell-division. —We have pointed out that the division of the 
cell is brought about by the protoplasm. The actual division 
is preceded by a division of the nucleus, which is known as 
karyokinesis, or indirect nuclear division. 

In the eases that have been most completely investigated 
the nucleus consists essentially of a delicate network of fibrils 
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of chromatin, embedded in a hyaline substance, and surrounded 
by a more or less well-defined outline derived from the cellj 
protoplasm and known as the nuclear membrane. Associated 
with it in some cases are two small centrospheres. Karyokinesis 
begins by the network of fibrils becoming coarser and gradually 
separating to form a long coiled fibre. Tho nucleoli disappear, 
and the nuclear membrane can no longer be distinguished. At 
the same time, in those cases in which centrospheres have been 
seen, they shift their position and come to lie on opposite sides 
of the nucleus at some little distance from it. The long 
coiled fibre of chromatin breaks up into a number of pieces, 
often V-shaped, which point towards the centre of the nucleus. 
The number of these varies in different cells, but is constant in 
those of the same tissue. Those pieces of the fibre are known as 





fig. 661. Stages ill karyokinetic division of the nuoleus. a. Resting nucleus. 

b. Stage of equatorial plate, c. Separation of the chromosomes, d. Com- 
. menccuieut of formation of cell-wall. e. Extension of nuclear spindle 
across the cell. 


chromosomes. The chromatin in the fibres is broken up into 
thin discs, which are separated from each other by smaller 
discs of unstainable substance. Threads of delicate character 
may next be seen to extend from one centrosphere to the other, 
forming a body known as the nuclear spindle. The ends of the 
spindle are known as the poles of the nucleus. The nuclear 
fibrils, or ohromoBomes, travel along these threads, with which 
their points are in contact, till they form a plate across'the 
spindle. This stage is constant in all cases of karyokinesis, 
though the details of its formation vary in different oases. The 
body is sometimes called the equatorial plate (fig. 661, b). After 
this stage is reached, each chromosome splits longitudinally 
into two, and the equatorial plate divides into two in such 
a way that half of each chromosome points its base to one 
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Fig. 662. 


centrosphcre or pole, and tlie other half to the other. The two 
sets of fibrils so formed then separate and travel back along the 
spindle fibres towards the two poles of the nucleus, changing 
their positions as they go till their convex sides point towards 
them. They thus collect into two places which are determined 
by the position of the poles of the nucleus (or the centrospheres 
if the latter arc present), and present there the appearance of 
two somewhat star-shaped aggregations. This is known as the 
diaster stage. The chromosomes at each pole now become 
united by their ends, and the fibres so formed become closely 
coiled, thus constituting two new nuclei, each gradually 
becoming well defined 

by the appearance of ^ IG ' 

a nuclear membrane; 
the original appearance 
is thus regained, nucleoli 
appearing in each new 
nucleus. The spindle 
fibres may remain 
connecting the new 
nuclei for a time, as is 
the case when a cell- 
wall is formed imme¬ 
diately ; or they may 
disappear at once. In 
the cases in which a 
centrosphere has been 
observed it divides at 
this stage, and the two 

new centrospheres may be distinguished in contact with some 
point of the new nucleus. 

In ordinary cell-division the formation of the new nuolei is 
followed by the appearance of a cell-wall in the original position 
of the equatorial plate. If the spindle fibres do not stretch 
completely across the cell, others are formed beside the original 
ones, till the spinlle is in contact with the lateral cell-walls. 
Granules which have been floating in the cell-protoplasm are to 
be seen streaming along the spindle fibres till they form a plate 
stretching across the Middle of the cell from wall to wall. 
From this cell-plate the septum of cellulose is formed. The 
central portion of the plate may be formed before the extension 
of the spindle across the cell is complete. 

A variation of this process is seen in the formation of the 



Fig. 6f>2. Yeast plant In process 

of development.- Fig. 663. 

Conferva glomerata , showing the 
progressive stages of gemma¬ 
tion or budding (6, c, d, e). a. 
Terminal cell. After Yon Mold. 
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spores of certain plantsfor instance) file microspores of Dicotyle¬ 
dons. Tiie original nucleus of the mother-cell of the spores divides 
into two as described above. The spindles disappear, and each 
nucleus divides again. New spindles are next formed between 
the four nuclei (fig. 604, b), and then cell-plates or cell-walls 
aro simultaneously developed between them, giving rise to 
four so-called special mother-cells, each of which develops a 
spore. The division of the protoplasm in this case is often 
preceded by a thickening of the cell-wall at the places to 

which the new septa 
will be attached, so 
that the protoplasm 
is partially separated 
before the new walls 
appear. 

In certain of the 
lower Alg®, after tho. 
division of the nu¬ 
cleus and separa¬ 
tion of the daughter 
nuclei, the formation 
of a new cell-wall 
the mode of derelopmcut la tetrahedral. between them is 

effected by an in¬ 
growth from the wall of the mother-cell, which gradually extends 
inwards across the cavity. 

In ordinary cell-division the two cells are usually of the 
same size. In some cases a variation in this respect is seen, as 
in the cells of the Yeast plant. These often put out a lateral 
protuberance of smaller size, which is gradually cut off by 
the constriction of the cell-wall between the two. This varia¬ 
tion is known as budding, or gemmation (fig. 662). It is not 
uneommon among the lower Thallophytes.. 

In a few oases in Borne of the lower plants the division of the 
cell is not preceded by division of the nucleus. In others, after 
the nucleus has divided, the new cell-wall il formed by an in¬ 
growth from the walls of the original cell. 

Free Cell-formation .—In this method of cell-formation the 
nucleus divides into two, each of those Into two, each again into 
two, the process continuing till a number of nuclei are formed. 

The protoplasm aggregates round each nucleus, and a 
number of naked cells are so formed in the interior of the 
original cell. In some cases, as in the formation of the zoo- 


Fia. 664. 

A B 



Fig. 664. [ Helleborut foettdus. After Strasburger. 
( x540) Quartripartition of mother-cell of pollen : 

in b the connecting threads and cell-plates are 
shown; in a the walls liavc been formed. Oulj 
three are visible, the fourth not being in focus; 
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gonidia and gametes of many Alga; and Fungi (fir/. 665), they 
• remain naked and are discharged in this condition from the 
cell in which they are formed. In other cases, each new cell 
secretes a cell-wall round itself. 

In its simplest form, this mode of cell-production results in 
the formation of a number of isolated cells (fig. 665). In certain 
cases, however, the cells are combined into a tissue, as in the 
endosperm of Phanerogams. 'When this takes place, the nuclei 
become arranged in a single layer over the internal surface of 
the megaspore; protoplasm aggregates round each nucleus, and 


Fio. 665. 



Fig. 665. Formation of zoogonidin in Adilya- 
A. Zoogonldangium, still closed, b. The 
t?ame burst, with the discharged zoo- 

gonidia. After Carpenter.- Fig. 666. 

A, u. Escape of the swarm-spores of an 
(Jblogonium. 0 . One in free motion. 
I). The same after it has become fixed, 
and has formed the attaching disc. 
k. Escape of the whole protoplasm of a 
germ-plant of (Edogonium in the form 
of a swarm-spore. Afjp Pringsheim. 


Fio. 6GJ. 



u common cell-wall is formed between each two adjacent cells, 
separating them from each other. Their surface which is towards 
the cavity of the megaspore remains for a little while naked, 
but soon they secrete each for itself a cell-wall over it, thus form¬ 
ing a peripheral layer of closed cells round the cavity of the mega¬ 
spore. Furth er multiplication of the cells takes place by repeated 
cell-divisions till a mass of tissue fills the spore. 
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Fig. 667. 


The formation of the special mother-cells of the spores, 
described above as a variation of cell-division, is often included 
under free cell-formation. 

The principal difference' between the two modes is that in 
free cell-formation the new cell, if clothed at all, is nearly or 
quite surrounded by a freshly secreted cell-wall; in cell-division 
a new wall is only formed across the line of the division. 

2. Formation op New Cells without Division.—Two 

modes of cell-production 
belong to this category. 
The first is known as 
rejuvenescence, and is 
met with only in con¬ 
nection with reproduc¬ 
tive cells. It consists- 
in the protoplasm of a 
cell withdrawing itself 
from the cell-wall, and 
after a short period of 
quiescence secreting for 
itself a fresh membrane. 
It may remain within 
the original cell-wall, as 
in the formation of 
spores inside the special 
mother-cells, which 
have themselves been 
formed as above de¬ 
scribed by cell-division. 
On the other hand, it 
may be set free. In this 
case the cell-wall is not 
secreted by it until after 
its escape. It is, more¬ 
over, at first usually fur¬ 
nished with cilia, some¬ 
times attached to one end 
as in the zoospores of 
CE Aogonium {fig. 666,o), 
or over the whole surface as in the zooccenocytes of Vaucheria. 

The other mode of cell-production without cell-division is 
that of the fusion of two oells to form a new one. Like the last-, 
described method, it occurs only in connection with the pro- 



Fig. 667. Oogonia and autheridia of Achlga ligni- 
cola , Bhowing cell-division. The letters A to K 
indicate tbe course of development. Tbe 
protoplasm of a cell or branch of a cell collects 
into a globular form, a, b, and by the forma¬ 
tion of a septum, n q , becomes an independent 
cell (the oogonium). The protoplasm then 
breaks up into two or more parts, D, e, e 
(oospberes), which quickly become spherical, 
and after possible fertilisation by the autheridia 
a, a, penetrating into the oogonium by their 
beaks, &, 6, as seen in n, secrete a cell-wall k, 
and become oospores. After Sachs. 
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ceases of reproduction. It includes all the cases of the fusion of 
gametes already described. The cells taking part in the fusion 
are at the time naked cells, consisting of protoplasm and nucleus. 
They may be similar or dissimilar in size, may be set free from 
the cells in which they were formed, as in the case of the ciliated 
gametes of Ulothrix (fig. 609) or the spermatozoids of the higher 
Cryptogam^, or may leave their parent cell only to pass into 
that of another gamete, as in Spirogyra (fig. 486) and possibly in 


Fio. 668. 



Fig. 668. Small-celled meristem at apex of root of Phanerogam. 


Achlya (fig. 667), or may remain always in the cell in which they 
are developed, as is gftierally the case with oospheres. When the 
fusion takes placo, protoplasm unites with protoplasm, nucleus 
with nucleus, dtct, and a new cell results which clothes itself 
with a cell-wall, and becdhice a new individual. The process 
of fusion of dissimilar cells is generally called fertilisation ; 
that of union of similar cells is known as conjugation. The 
new cell formed by the fusion is a zygote ; in the first case it 
is sometimes called an oospore, in the second, a zygospore. 
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The Tissues. 

By one or other of the vegetative methods of cell-production 
described, the original unicellular plant becomes a multicellular 
body, and its ultimate form may be that of a row of cells form¬ 
ing a filament, or a flat plate, one or a few cells thick, or, again, 
a mass of cells of very variable size and shape. We have seen 
that in such a mass different cells or aggregations of cells are 
specially set apart to discharge particular duties. Such collec¬ 
tions of cells are called tissues. We speak of the tissues of 
nutrition, the protective tissues, and so on. The cells which 
compose such a tissue commonly resemble each other more 
closely than they do other cells, and are said to obey a common 
law of growth. They originate generally by division of either 
a single cell, or of the cells of a well-defined group or meristem, 
so that they are held to have a common origin. Only such 
collections of cells as fulfil these conditions are considered true 
tissues. 

Merismatic Tissue, ob Meristem. —In the development of 
the vegetative body of the plant, the new cells are produced by 
cell-division. In some cases every cell as it is produced possesses 
and retains the power of division, so that the plant can increase 
throughout its whole length. This is commonly the case with 
filamentous plants such as Spirogyra. In most cases, however, 
the power of cell-division speedily becomes localised at certain 
parts of the plant body, which then carry out all further increase 
in length. Such points arc called growing points : they are 
generally terminal, and the cells of which they are composed, 
which have the power of cell-division, are called merisma tic cells. 
The individual cells do not long retain this power, but after a 
period of growth acquire various forms, and subsequently change 
but little during life, constituting permanent tissue. Finally they 
lose their protoplasm, and are no longer living. 

There are two chief types of growing point which are found 
at the apices of the axis of the plant. In both, multiplication of 
cells leads to a continued forward advance*hf the apex, and the 
youngest cells are in the front of the mass, so that the growing 
point is nearly always more or less conical; two main lines of 
division of the cells can be seen, one parallel to the surface of 
the apex, or periclmal ; the other at right angles to it, or anti¬ 
clinal. The merismatic tissue is not of very great extent, and 
behind it the cells can be observed to be growing or increasing 
in size, and gradually changing into permanent tissue. 
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In the first type the cells whioh are thus dividing are all 
alike in appearance, and form a well-defined group which gradu¬ 
ally becomes differentiated, as the cells get older, into various 
forms characteristic of different regions of the axis (figs. 66b 
and 670). This small-oelled meristem is always found in 
Phanerogams and in some Cryptogams. 


Fio. 669. 


Fn*. 670. 



Fig. 669. Growing point of stem of Equi- 
tvlum. a. Apicul cell. b. c. Segments 

cut off from it.- Fig. 670. Growing 

point of Btern of Klodm. a. Apical 
meristcni. After Kny.— Fig. 671. 
Growing point of Ftlvciia. a. Apical 
cell. After Kuy. 



Fio. 671. 


The other type is marked by 
the presence at the apex of a 
single large, generally pyramidal, 
cell, the base of the pyramid 
being external (fig. 669). From 
this, successive segments are cut 
off parallel to each side in turn, 
the apical cell growing to its 
original size after each division. 

In stems there^is no segment 
cut off from the external face, but 
this takes place in roots, so that 
the apical cell is never exposed 
in the latter case (fig. 769). The 
segments when cut off usfially divide periclinally each into 
two; further divisions of each of the latter give rise to the mass of 
the tissue. Such a growing point may be oonical or depressed, ac¬ 
cording to the amount of growth taking place in the inner or outer 
segments and the cells which arise from them (figs. 669 and 671). 
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This form of primary meristem, in which an apical cell is so 
prominent a feature, is chiefly characteristic of Cryptogams. 

An intermediate form is met with in some of the Vascular 
Cryptogams in which a group of initial cells, frequently four in 
number, replaces the apical coll. 

Besides these apical meristems, similar tissue occurs in 
other parts of the mass of the plant. These collections arc chiefly 
connected with .growth of the axis in thickness rather than in 
length, and will be treated of later in detail. The cells are either 
much like those of tho small-celled meristem or are longer 
than broad. They exist in sheets or bands, usually one cell 
thick. They inolude the cambium and phellogens of stems and 
roots. 

When cells are formed by cell-division in a growing point, the 
new cell-wall arises at right angles to the walls with which its 
edges are in contact. Hence at their first formation all such 
cells are cubical or nearly so. By growth in various direc¬ 
tions, mutual pressure, &c., they change their shape and relative 
dimensions, giving rise to collections having very different 
appearances. 

Tho cell-wall, at first thin and composed mainly of cellulose, 
thickens as already described, and becomes chemically altered, 
giving rise to still more complicated structures. 

In the early changes that take place as permanent tissue is 
replacing meristem, the close contact of the cells becomes 
continually interrupted. During the changes of tension that 
occur in a growing mass of cells, cracks or fissures arise in the 
substance of the cell membranes, generally at the angles, and 
so small intercellular spaces are formed. The several spaces in 
a tissue extend till they communicate, and a system of inter¬ 
cellular channels is formed whioli extends throughout the plant, 
and contains air. The intercellular space system so formed is 
very prominent in certain parts, especially in leaves and in the 
stems of aquatic plants (fig. 749). 

The changes that take place in the compalition of the cell- 
wall usually affect the primary septum (between the cells in a 
different way from the successive thickening layers. The origi¬ 
nal wall, though altered in many important respects, can gene¬ 
rally be distinguished in the thickened wall of stratified cells, 
when it is known as the middle lamella (fig. 677, m). 

Parenchyma. —A collection of cells, the individuals of which 
remain more or less of equal diameter in all directions, is known 
as parenchyma. The cells may remain with thin walls, or the 
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latter may be thickened equally or unequally, giving rise to 
various modifications, of which the following are the more 
important:— 

a. Round or Oval Parenchyma {fig. 672).—This is formed 
of rounded or more or less oval cells, with small spaces between 
them. It is most prominent in succulent plants. It is connected 
by various transitional forms with— 

b. Stellate Parenchyma, which consists of stellate cells 
(fig*. 620 and 678), or cells with an irregular outline produced 
by projecting rays, and in contact only by the extremities of such 
rays, so as to leave large irregular spaces between them. 


Fio. 673. 



Fig. 675. 



/•'jr/. G72. Hound or ovul parenchyma. In two of tin* cellx u nucleus with 

it nuclcoluH may be Feen.- h'iy. <>78. Stellate jMirenchymH, composed 

of stellate cells with three-cornered intercellular spaces.- ~ t'aj. 074. 

Muriform parenchyma.- Fif/. 676. Transverse section of the petiole 

of a species of Bryonia, e. Kpidermis with cuticle above and hypodenua 
below, the latter formed of eollenchymutons cells cl, cl, with thickened 
unifies, r, c. chi. Chlorophyll grannies, p. General parenchyma, below’ 
hj poderma. After Sachs. 


c. Regular or Polyhedral Parenchyma. —This is formed of 
polyhedral cells, the faces of which are frequently nearly equal, 
and so combine^, as to leave very small interspaces. It is 
commonly found in the pith of plants. 

(1. Elongated ParenShyma.—This is composed of cells elon¬ 
gated in a longitudinal direction so as to become cylindrical. It 
occurs frequently in the stems of Monocotyledonous plants. 

e. Tabular Parenchyma?—This consists of tabular, closely 
adherent cells. It is found in the epidermis and other peri¬ 
pheral ports of plants (fig. 675, e). A variety of this kind of 
parenchyma is called muriform, because the cells of which it is 
composed resemble in their form and arrangement the courses 
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of bricks in a wall (Jig. 674): this variety occurs in the 
medullary rays of the stems of Dicotyledons and in corky 
formations. " 

Such are the commoner varieties of parenchyma, all of 
which are connected in various ways by transitional farms ; but 
other special kinds also occur. In the tissue which lies below 
the epidermis of plants, and which has been termed the 
hypodenna, we sometimes find the parenchyma composed of 
cells which are especially thickened at their angles but never 
become lignified (Jig. 675, cl, cl). This kind of parenchyma is 
called collenchyma. Another variety of the same kind is termed 
sclercnchyma: it consists of cells which have become much 


Fia. 676. Fig. 677. Fra. 678. Fra. 679. Fra. 680. Fra. 681. 



Fig. lire, rrosencbymatous wool cell*.- Fig. 677. Transrerao Motion of 

proseuohymatoni oelln, allowing the thickness of their walls, m. Middle 

lamella.— -Fig. 67a Prosenchyumtous mills in combination.- Fig. 679. 

Upper end of a boat fibre.- Fig. 680. Branched fibre. After Schleiden. 

Fig. 681. Transverse section of fibres, showing the thickness of their walls. 

hardened by thickening layers and lignified, as in the stems 
of Palms. The cells of collenchyma and sclerenchyma are 
sometimes prosenchymatous. 

In some of the lower orders of plant® there is a peculiar kind 
of tissue present, to which the names of Tela contexts and 
interlacing Jibrilliform tissue have been given. It occurs 
chiefly in the Fungi (Jig. 628), anf consists of very long thread¬ 
like cells, or strings of cells, simple or branched, with either 
thin, soft, readily destructible walls, or dry and firm ones, the 
whole inextricably interwoven or entangled with each other so 
as to form a loose fibrilliform tissue. This tissue, which is now 
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usually known under the name of hyphce or hyphal tissue, con¬ 
futes, as a general rule, the vegetative portion of all Fungi. In 
the larger Fungi the same tissue forms a more compact structure 
at certain parts, particularly on their surface, where it is arranged 
as a kind of skin, and in the stalks, which are frequently of 
some thickness. It then constitutes what is termed pseudo- 
parenchyma. 

Pbosenchyma. - Besides these collections of isodiametric 
cells we find others whose length greatly exceeds their other 
diameters. The.y are usually pointed in shape, their ends over¬ 
lapping, or extending in between the ends of their immediate 
neighbour^. These collections constitute what is known as 
prosencliyma. As in the case of parenchyma the walls of tho 
cells, or fibres, are sometimes lignifled, pitted, &c. Proscnchyma 
is largely present in woody tissues ; it is not, however, confined 
to them, but may be found as isolated strands occupying various 
positions in the plant body. In some forms tho fibres are 
branched {fig. 680). The cells of collenchyma and sclerenchyma 
are frequently fibrous. 

The secondary wood of the Coniferce {fig. 638) is entirely 
composed of prosenchymatous tissue, the constituent cells of 
which, fibrous in form, are known as 


tracheids. They are marked by the 
poculiar bordered pits already described. 
These may be regarded as intermediate 
between prosenchyma and the vascular 
tissue described below. 

Vascular Tissue. —A further modifica¬ 
tion of the arrangement of cells is found 
in plants, constituting what is known as 
vascular tissue. The cells of this tissue 
are frequently fused together, the end 
walls between them becoming absorbed to 
a greater or less extent. A row of cells 
whose separating walls have thus dis¬ 
appeared is known as a vessel. Vascular 
tissue includes two forms, tracheal tissue 
and sieve tissue. % 

Tracheal Tissue .—This is usually com¬ 
posed of lignifled cells which are placed 
end to end, forming columns, and which 


Fio. 683. 



Fig. 682. Beaded pitted ves¬ 
sel.- Fig. 683. Pitted 

trachelfd terminating ob¬ 
liquely, and showing 
that the partition wall 
has been incompletely 
absorbed. 


have lost their protoplasm. They are pitted in the various 


manners already described, forming spiral, anntlar, scalariform, 
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or reticulated vessels (fig. 682). When the end walls are com¬ 
pletely absorbed they form true vessels or trachea. The 
absorption is not always complete; indeed, in some cases 
columns of such thickened cells are found where the end walls 
persist, and are thickened in the same way as the lateral oneB 
{fig. 688). The individual cells are then known as tracheids. 

Tracheids occur in other forms than as the cells of a column; 
in certain orchids they constitute a somewhat parenchymatous- 
looking tissue in the sheath of the aerial roots. They are always 
lignifted and usually pitted. There is no very sharp distinction 
between a fibre and a tracheid when the latter does not appear 
as a segment of a vessel. The peculiar fibres with bordered pits, 
occurring in the secondary wood of the Coniferit , are generally 
included under this term. 


Fig. 084. Fig. 085. Flo. 080. Fig. 087. 



Fin. 084. Simple spiral vessels.- Fig. (186. Compound spiral vessel.- 

Fig. 080. Branched spiral vessel.- Fig. 087. Union of spiral vessels in 

an oblique manner. 


The chief forms of tracheal tissue, whethor composed of 
tracheids or true vessels, may now be separately considered. 

a. Pitied or Dotted Vessels.—A pitted vessel is formed from 
a row of cylindrical pitted cells placed end to end {fig. 682), 
by the absorption of the separating walls. Its mode of origin is 
clearly shown in many instances by the constrictions which its 
sides exhibit at various intervals (fig. 682); for these constric¬ 
tions evidently correspond to the ppints whero the component 
cells came in contact. 

It sometimes happens that when a pitted or other vessel has 
lost its fluid contents, the neighbouring parenchymatous cells 
protrude through the pores which exist in its wall, and then 
multiply in its‘interior by division, forming a cellular mass 
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which may completely fill it; to this intra-cellular tissue the 
flame of tiillen or thylosea has been given. It may be well 
observod in the wood of the Oak, in that of Itobinia Pseud- 
acacia, in Periploca, and in the stem of Cucumis sativus. 

b. Spiral Vessels.—-This name is applied to vessels with 
tapering extremities, having the thickening matter of its walls 
disposed as either ono continuous spiral fibril running internally 
round it from end to end, as is commonly the case (fig. 684), or 
two or more fibrils (fig. 085) running parallel to one another. 
Such vessels aro ofton met with in the stem of the Banana and 
other allied plants, in the young shoots of the Asparagus, and in 
the Pitcher Plant. The fibril contained within the spiral vessel 


Fia. 688. 


Fio. 689. Fia. 690. Fia. 691. 




Fig. 088. Piece of an annular vessel from Zea Mays, 
h. The thin cell-wall; r, the annular thickening of 
the cell-wall: F, vertical section of one of the rings, 
showing the inner substance, and #, the denser 
layer over the inner side of the ring projecting into 

the cavity of the cell. After Sachs.- Figs. 089, 

690. Annular vessels.- Fig. 691. Vessel showing a 

combination of rings and spiral fibres. 


is generally so elastic as to admit of being detachod from the 
wall and uncoiled when the vessel is pulled asunder. This 
appearance may be commonly seen by the naked eye by partially 
breaking the young shoots, flower-stalks, or leaf-stalks of almost 
any plant, or the leaves of the Hyacinth, Banana, and others, 
and, gently pulling asunder the two ends, when the uncoiled 
fibrils appear like a fine cobweb. In most cases the coils of 
the fibrils are close together, so that the enclosing membrane 
cannot be observed between them; but in other instances they 
are more or less separated -by portions of membrane (fig. 686). 

Spiral vessels occur in the earliest differentiated portions of 
the wood of vascular bundles. In size they vary from gfo to 
s Au °f an inch in diameter. The average size iB about xoVrr inch. 
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c. Annular Vessels.—In these vessels the thickening matter 
is arranged in the form of rings more or less regularly dispose® 
upon their inner surface (figs. 688, r; 689, and 690). Some¬ 
times the whole of the vessel presents this ringed appearance 
(figs. 689 and 690), while in othor vessels we find two rings 
connected by on6 or more turns of a spiral, the two forms 
irregularly alternating with each other (fig. 691). In size they 
vary from about to of an inch in diameter. Annular 
vessels occur especially in the fibro-vascular bundles of the stems 
of soft, rapidly growing herbaceous plants. 

d. Reticulated Vessels.—In these vessels the convolutions 
are more or less irregular, and connected in various ways by 


Pig. 092. Pig. 693. Pig. 694. 



Fig. 692. Reticulated vessel.- Fig. 693. Prismatic scalariform vessels of 

a Fern.- F\g. 694. Cylindrical scalariform vessels of the Vine. 


cross or 'oblique bands, so as to produce a branched or netted 
appearance (fig. 692). 

e. Scalariform Vessels.—The peculiar appearance of these 
vessels is owing to their walls being marked by elongated trans¬ 
verse pits or lines, arranged over one anether like the steps of 
a ladder, whence their name (figs. 698 and 694). Theyi are 
sometimes cylindrical tubes like the other vessels, as in the 
Vine (fig. 694), and in many other Dicotyledons, in which 
condition they resemble modifications of reticulated vessels; 
but in their more perfect state, scalariform vessels assume a 
prismatic form, as in Ferns (fig. 698). 

The scalariform markings are often caused in the same way 
as those of bordered pits, the thin places, instead of being small 
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and circular, being broad and extending quite across the side of 
*ho cell. 

The annular, reticulated, and scalariform vessels have 
commonly tapering points like the spiral vessels, and thus over¬ 
lap at their extremities when they come in contact (fig. 698). 
But in other instances they terminate more or less obliquely, or 
by flattened ends, like most pitted vessels. 

Sieve Tissue. —This is generally associated with some form 
of tracheal tissuo in certain strands of tissue known as vascular 
bundles. It occasionally exists as isolated columns in the pith 
or cortex of stems. In young roots it is found in independent 


Fio. 695. 



Fig. 695. Sieve tubes and co.npnnion cells from the stem of Cucurbxta , in 
transverse and longitudinal section, s.t. Sieve tube. a.p. Sievo plate, 
c. Companion cells, x 540. After Stmsbnrgor. 


strands, side by side with similar strands of tracheal tissue. 
The cells of which it is composed are thin-walled and never 
lignifled. Two kind$ of cell are found in it in the most highly 
developed forms, the sieve tube proper and its companion cells. 
The sieve tube is composed of a number of cells or segments 
placed end to end (fig. 694). The separating wall'is seldom much 
thickened, but has deposited upon it on both sides a peculiar 
material known as callus, probably a modification of the original 
material of the wall. The separating wall generally forms a 
sieve plate, being perforated by a number of apertures, which are 
lined by the callus deposit, and through which the contents of 
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the two segments communicate. The protoplasm of the sieve 
tube is considerably changed, being, with the exception of a lining/ 
layer, transformed into a slimy material which is especially 
conspicuous in the neighbourhood of the sieve plate. The adult 
tube contains no nucleus. 

The companion cells are so called because they are cut off 
from the sieve-tubo segments at tho time of their first appearance. 
They are smaller in diameter than the tube itself, and contain 
protoplasm and nuclei (fir/. 6915, c). 

In the Angiospenns the sieve plates at the end of summer 
becomo blocked up by an addition to the callus, and romain 


Fm. G96. 

O A IS 



Fig. 696. Sieve ttibeB of Rhamnus punhiantt. a, n. Middle portion of a tube, 
showing section of sieve plates, s.p. c. Callus deposit on a sieve plate, 
c. Termination of a sieve tube, with sieve plates, t.p., on the lateral 
walls, x 320. 

closed during the winter, communication being re-established in 
the spring. 

Sieve plates often occur upon the lateral as well as the end 
walls of the segments (fig. 096). In Ferns, they are confined to 
the former position, and are very numerous in each tube. 

In all plants lower in the scale than the Angiosperms, sieve 
tissue contains no companion cells. r 

Tissue much like sieve tissue occurs in certain regions of 
the thallus of one of the brown seaweeds (Macrocystu). In 
some others of the Laminarias similar structures are found, 
which are called trumpet hyphte. It is, however, doubtful if 
their segments communicate. 
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The throe forms of tissue so far described, viz. parenchyma, 
sprosenchyma, and vascular tissue, combined in various ways, 
constitute the greater part of the plant body. Besides these, 
other forms are found in certain cases, having, however, a much 
more limited distribution. We may here briefly describe the 
most important of these. 

Laticiferous Tissue.— Of this, two types occur. In the 
Euphorbias, and some plants belonging to the Apocynareer and 
Asclepiadacece, long, niuch-branehod cells occur irregularly dis¬ 
tributed throughout the plant (Jig. 698). They have often thick 
walls, and are filled with a curious milky-looking fluid known as 

Fio. 697. Fig. 698. 



Fig. 097. Laticiferoup vessels (cell fusions) in Scorzotirra root, x 250. 

Fig. 098. Part of laticiferous cell from stem of Euphorbia ytlendeni. x 250. 

latex, which has given them the name of laticiferons cells. In 
the Composites, Papaperacece, and other Natural Orders, ramify¬ 
ing tubular structures are found, much like the former, but com¬ 
posed of rows of thin-walled parenchymatous cells, the partition- 
walls of which have been absorbed. These, from their containing 
a similar milky-looking or watory latex, are known as laticiferous 
vessels (fig. 697). Laticiferous vessels generally form an anasto¬ 
mosing network. 

A modification of this tissue is found in some monocotyle- 
donous plants, forming what are known as utricular vessels. 
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These resemble laticiferous vessels in one particular, as they 
contain latex, in which are generally true raphides; on the othca 


Fig. 699. 



Fifj- G99. Development of lysigenoua gland in stem of Hypericum. 
The four figures represent successive stages, x 250. 


hand, they are unbranched and somewhat resemble sieve tubes, 
consisting as they do of long, broad cells with sieve-like septa. 


Fig. 700. 


They were first noticed by Hanstein 
in the scales of the bulb of 



Fit). 700. Schinogenous resin- 
duct in the young Btem of the 
Ivy (ffedera heUx\, transverse 
section ( x 400). V An early ; 
B, a later, stage, g. The resln- 
duota. 


Allium. 

Glandular Tissue .—This has a 
much more limited distribution than 
the laticiferous tissue. It consists 
of single cells or of masses of 
cells of various shapes, sometimes 
long columns, sometimes ovoid or 
rounded collections. The cells which 
compose these masses are distin¬ 
guished by their power of forming 
peculiar, generally aromatic, sub¬ 
stances, which either remain stored 
in the cells or are passed out into 
intercellular spaces or cavities or to 
the exterior. 


The cells are usually parenchymatous and filled with very 
granular protoplasm. The collections of such cells are commonly 
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called glands, a name which is also applied to the cavities con¬ 
taining secretions, though the cells which formed them may 
%ave disappeared. 

The glandular tissue may he a solid mass of cells, as in 
the nectaries of such flowers as Fritillaria; it may form a 
passage or cavity, lined with cells and containing the secretion, 
as in the resin canals of Finite and other Coniferce, or in the 
globular receptacles for essential oil in the leaves of the Rue, the 
rind of the Orange, &c. 

The cavities may originate in two ways. In a transverse 
section of a very young stem or leaf of Finns, ora stem of Hedera 
(fig. 700, a), there may be noticed here and there <■ somewhat 
conspicuous cell, which divides by walls at right angles to each 
other, usually into four. These cells are found in longitudinal 
sections to form columns which are frequently of some length. 
A transverse section of a little older stem shows in eaoh position 
a small group of cells which separate from each other, so as 
to leave a passage in the centre. Longitudinal sections at this 
stage show that this passage or channel extends the whole 
length of the column ; by continued separation and multiplica¬ 
tion of the number of the cells surrounding the channel, a duct 
is formed which is lined by a delicate layer that secretes the 
resinous matter, and pours it out into the passage. In some 
cases the secretion is formed in the internal walls, in others 
in the interior 'of the cells. This mode of origin is called 
schixogenous. 

In the case of the oil-glands of the Rue, Orange, &c., a small 
solid group or column of cells is formed from a single cell or a 
vertical row of cells, by repeated division. The protoplasm of 
these becomes charged with drops of the secretion, and the cell- 
walls in the centre of the mass degenerate and break down, leav¬ 
ing a cavity filled with the secretion and with the remains of the 
cytoplasm of the disintegrated cells. Sometimes a peripheral 
layer does not disappear, so that the cavity remains lined with 
secreting cells. This mode of origin is termed lysigenous 
(fig. 699). 

• Occasionally both these methods may be met with in the 
formation of a gland. 

Besides these forms of glandular tissue isolated cells or single 
rows of cells containing secretions are not uncommon. They 
may contain tannin, mucilage, or other products. They are 
generally parenchymatous and thin-walled. 
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CHAPTER HI. 

TISSUE SYSTEMS. 

The combination of cells into tissues which we have now 
examined is an indication that in a cell mass such as con¬ 
stitutes the body of most plants there exists a division of 
labour; that instead of each cell practically living for itself 
alone, as is the case in the simplest forms, each takes a 
definite share in the common life-work of the whole organism. 
This division of labour is the explanation of the differentiation 
of the structure which we have seen, the forms and arrangement 
of the cells being such as enable them to discharge their special 
functions most advantageously. Generally in the sporophyte of 
the Phanerogams and Vascular Cryptogams three main systems 
of tissue can be distinguished, each of which, though possessing 
broadly characteristic features of its own, may include more 
than one form of the tissues that have been described. These 
arc the epidermal or teyumentary, chiefly protective in character; 
the fibro-vaucular, which is mainly concerned in the conduction 
of fluids through the plant body ; and the ground ox fundamental, 
which is limited externally by the epidermal, and through which 
the fibro-vascular bundles pass. It is concerned principally 
with the metabolic work of the plant, and to a less degree with 
its mechanical support. None of these iB exclusively the scat 
of the function assigned to it as its chief work. For instance, in 
most of the higher plants the epidermis is comparatively short¬ 
lived in many parts, and the work of protection is then taken up 
by particular tissues belonging to the fundamental tissue; the 
latter also often includes certain forms of conducting tissue. • In 
the gametophytes of these and of the lower plants the differen¬ 
tiation into these three systems is ndt nearly so complete. In 
most only the epidermal and ground tissues are represented; 
in some only the latter. In some of the Mosses there is a central 
strand which though not truly vascular tissue is an indication 
of it. 
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In a growing point of the sporophytes mentioned above, whose 
structure has been described, indications of these three systems 
San be seen. In fig. 701 we have a representation of such a 
growing point. The outer layer of cells is seen to be continuous 
over the surface; it forms 
the dermatogen, which when 
adult becomes known as the 
epidermis. Centrally there 
is a mass of cells which show 
a general tendency to become 
longer than broad. This is 
known as the pier ome ; it de¬ 
velops generally into a bulky 
strand or cylinder of tissue 
known as the stele, in which 
well-defined collections of 
cells known as vascular 
bundles originate. Between 
the two there is a cylinder of 
tissue known as thepcriblem, 
which consists of ground or 
fundamental tissue, and be¬ 
comes the cortex. In some 
growing points with smaE- 
celled moristems these three 
systems can be seen to origi¬ 
nate in different layers of the meristem. In others the differen¬ 
tiation cannot be traced so far in the direction of the apex. In 
further development the stele is usuaEy found to contain a 
certain amount of ground tissue besides the vascular bundles. 
We may therefore distinguish between stelar- and extra-stelar 
ground tissue, the latter alone arising from the pcriblem, and 
constituting the cortex. 

The Epidermal Tissue System. 

The body of nearly all plants which consist of a mass of 
cells is covered by a thin membrane composed of a sheet of 
cells. In the Bhoots of the higher plants this is derived from 
the entire dermatogen, and is known as the epidermis. It is 
usuaEy only one ceU-thick. In the roots the dermatogen gives 
rise at the apex to many layers of ceEs, forming the root-cap. 
In most Dicotyledons the innermost of these layers can be 
traced backwards over the surface, and bears the root-hairs, 


Fig. 701. 


d ;><* pi 

i ! / 



Fig. 701. Growing point of tlx* stem of a 
Dicotyledon. After Douliot. d. Dermato¬ 
gen. pr. Periblcm. pi. Plerome. 7. Young 
leaf. The dark lines are exaggerated to 
indicate the limits of the plcrome, peri- 
blem, and dermatogen. 
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being known as the piliferous layer. In the roots of Mono¬ 
cotyledons and Cryptogams the true epidermis only persists 
at the apex, forming as before a 
Fio. 702. many-layered root-cap. The rest of 

f the root bears a piliferous layer, but it 
is in these cases the external layer of 
the periblem. The external layer of 
roots is consequently not a true epider¬ 
mis ; it is generally termed the epiblema. 

The cells of the dermatogen are 
somewhat oblong when seen in section, 
and are usually rich in protoplasm. 
As they grow older the walls become 
thickened, especially on the outer sur¬ 
face (fly. 702). Viewed from the surface 
Fig. 702. Trausverw section of they present a great variety of outline. 

tl« petiole of a species of qq 10 thickened walls become cuticu- 
Begonia, e. Epidermis with . 

cuticle above and hypodenmv larised to a variable extent, par- 
ticulurly their outer layers. In very 
with thickened angles n, v. thick-walled cells these outer cuticu- 
toemi l ™SchySS! ,I Mow larised layers can often be stripped off, 
hypoderma. Alter Bachs. forming a sort of detachable structure¬ 
less membrane, termed the cuticle (fig. 706). As the cells 
become adult they lose a great deal of their protoplasmio contents, 


Fio. 703. 


Fia. 704. 



Fig. 703. Vertical section through the leaf of a Banksia. a, a. Epidermis. 
c. Spongiform parenchyma, b. Hairs which are contained in little de¬ 
pressions on the under surface of the leaf, and at whose base peculiar 

stomata are found. After Schleideu.- Fig. 704. Epidermal tissue from 

the leaf of the Iris (/rto germanica). p , p. Cuticle, t, s, s. Oval stomata, 
e, e. Epidermal cells. After Jussieu. 


and are filled with little more than water. The outer layers of 
the cuticle are often impregnated with wax, which sometimes is 
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so great in quantity that a coating of waxy particles is found 
to be doposited on the exterior. 

* The colls of the epidermis in the lower plants and in some 
aquatic members of the Phanerogams contain ohloroplastids, 
but as a general rule these are absent from them. The epidermis 
of aquatic plants does not become cuticularised. 

Though usually only one cell thick, there are many cases 
where the epidermis consists of several layers. In the leaves of 
certain plants, such as Ficus (fig. 642), there are two or three 
layers. In the root-cap (fig. 768) we have several layers; in 
various aerial roots, such as those of epiphytic Orchids, there 
is a spocial epiblema consisting of many layers of colls which 
have curiously pitted walls and no cell-contents. 


Fio. 705. 


Fia. 706. 




Fig. 7U5. Sinuous epidermis witli stomntn, from tlie garden Balsam.- 

Fxg. 706. Vertical nection of the epidermis of Iloya carnom treated with 
caustic potash, a. The detached cuticle, b. The partially cuticularised 
layers of the outer walls of the epidermal cells. After Vou Mold. 


The cells of the epidermis are, with certain exceptions, in 
close contact with each other, forming a continuous covering to 
the plant without any intercellular spaces. This continuous 
coating is, however, interrupted at the apex of shoots whose 
growing point is marked by the presence^ an apical cell (fig. 707), 
the latter always extending to the surfaco. In some shoots, 
as in the thallus of Pelvetia , one of the Fucacea, the growing 
point is depressed, in consequence of the growth of the lateral 
segments of the apical oell (fig. 708). 

The epidermis of the shoot in all the higher sporophytes 
possesses a number of apertures, produced by the splitting of 
the common wall of two contiguous cells, known as guard-cells. 
vol. i. y 
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immediately over a conspicuous intercellular space of the sub¬ 
jacent region. These apertures, known as stomata, may be 
regarded as the means of communication between the intol- 
cellular spaco system and the outer air (figs. 709, s, and 710, s). 


Fia. 707. 


Fia. 708. 



Fig. 707. Growing point of shoot of Fquisrtum ammsr. x 260. a. Apical 

coll. 6, r. Successive segments cot off from It.- Fig. 708. Growing 

point of the thallns of Pelvetia. a. Aptoal coll, x 250. After Kny. 


Fin. 709. 



They originate by the vertical division of a mother-cell into two. 
The partition between the latter thickens slightly, and splits so 
as to form an opening between them, 
leaving them still attached to each other 
by their ends. The split constitutes the 
stoma, and the two cells are the guard- 
cells. They are commonly of a more or 
less semilunar form, and contain some 
chlorophyll grains; when they are full of 
water their form causes them to become 
curved, so that the orifice is widely open; 
when they lose their water they relax 
and their edges come into contact, 
closing it. 

Upon making a vertical section through 
a stoma we usually find that the guard- 
cells are placed nearly or quite on a level 
with the rest of the epidermis. In some cases, however, and 
especially when situated upon leaves of a leathery or hardened 


Tig. 709. Vertical section 
o i a portion of the epi¬ 
dermis of a leaf, show¬ 
ing a stoma slightly 
depressed, s. The stoma. 
f, r. Epidermis. p. 
"Parenchyma beneath 
the epidermis. 1. In- 
tercellular space into 
which the stoma 
opens. 
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texture, the stomatal cells are depressed below the others; in 
some rare instances, again, they are elevated above them. 

The stomata vary in form and position in different plants, 
and in different parts of the same plant, but they are always 
the same in any particular part of a plant. They are usually 
placed singly upon the epidermis, at regular (fig. 704) or 
irregular intervals. -In Banksia and some other plants we find 
little cavities in the under surface of the leaves which contain a 
number of hairs (fig. 708, 6), and between the latter very small 
stomata. 

The distribution of stomata over the surface of the sporophytc 
varies very much. They are found especially upon leaves, more 
particularly on the under surface. On the floating leaves of 


Fig. 710. 



Ftg. 710. In these figures the development of the stoma of Hyaciuthus 
orientalU is represented from the first division of the mother-cell in A into 
two daughter-cells, to the complete separation shown in d. Paren¬ 
chyma of the leaf, e, e. Epidermis cells, a. Stoma, i. Air-cavity. After 
Sachs. 


aquatic plants, such as the Water-lily, however, we find them only 
on the upper surface ; while in succulent leaves and such as are 
placed vertically the stomata are equally distributed on the two 
surfaces. They occur also on the young green stems and branches 
of plants, and on parts of the flower. In those plants which have 
no foliage leaves, e.g. the Cactaceei, they abound upon the green 
succulent stems. They are absent, as a rule, from roots and all 
submersed parts of plants. 

The number of stomata varies considerably. The following 
table will give some idea of their abundance in leaves, and it will 
be observed that the number of stomata is usually greatest 
in those leaves from whose upper surface they are entirely 
absent. 
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Stomata in one Square Inch of Surface. 



Upper surface 

Lower surface 

Mezereon . 

. none 

4,000 

Pteony 

. none 

18,790 

Vine . 

. none 

13,600 

Olive . 

. none 

57,600 

Holly 

. none 

68,600 

Laurustinus 

. none 

90,000 

Cherry-laurel 

. none 

90,000 

Lilac . 

nono 

160,000 

Hydrangea 

none 

160,000 

Mistletoo . 

200 

200 

Tradescantia 

2,000 

2,000 

House Leek 

. 10,710 

6,000 

Garden Flag 

. 11,572 

11,672 

Aloe . 

. 26,000 

20,000 

Yucca . r . 

. 40,000 

40,000 

Clove Pink 

. 88,500 

38,500 


Though the guard-cells of stomata can usually vary the size 
of the opening, or altogether close it, according to circumstances, 
this is not universally the case. In some plants large stomata 
occur whose guard-cells cannot change their form so as to do 
this. These, which are known as water-stomata or water-pores, 
are chiefly concerned in the excretion of water, the ordinary 
form being adapted to regulate the escape of watery vapour only. 

The cells of the epidormis are often prolonged outwards in 
the form of hairs or trichomes. They are borne upon both 
sporophytes and gametophytes. The simplest ones are formed 
by the outgrowth of single cells of the general surface, which 
take the form of papilla or projections, making the surfaco 
rough or velvety, as that of the stigmas of many flowers. The 
root-hairs are long outgrowths of this kind, arising from the 
root (Jig. 711). Generally, instead of remaining single, the 
originating cell, or mother-cell, divides in various ways. The part, 
usually a single cell, which is embedded among the epidermal 
cells is then called the foot, white the free part which extends 
outwards forms the body of the hair. We frequently find a 
multicellular hair of this kind consisting of a chain of cells. 
Often the first free cell out off from the mother-cell branches 
copiously, the branches sometimes growing horizontally, 
sometimes vertically. Hairs of various forms are thus pro- 
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dueed, among which may be mentioned the stellate hairs of the 
Ivy, of Deutzia scabra, and the peltate hairs of many plants.' 
Tne body of a stellate hair may be unicellular or multicellular. 

Larger hairs frequently arise from small groups of epidermal 
cells. These also present the form of a foot and a body. 

Scales are modifications of stellate hairs. They may be 
defined as flattened, membranous, more or less rounded plates, 
attached by the centre to the epidermis, and presenting a more 
or less irregular margin from the unequal prolongation of the 
component cells. These scales are particularly abundant on the 
surface of some plants, such as Elceagnus, to 
which they communicate a scurfy or silvery j IO , 711 . 
appearance. 

Other modifications of hairs which are 
allied to scales arc the ramenta or ramcn- 
taceous hairs so frequently found upon the 
stems and petioles of Ferns. These consist 
of a single layer of cells which form a brown¬ 
ish flattened scale attached by its base to the 
surface of the epidermis from which it grows. 

Hairs must be distinguished from prickles, 
warts, &e., which arise from the sub-epidermal 
tissue as well as the epidermis, and which 
have been termed emergences. These, again, 
should be carefully distinguished from thorns, 
which we have seen to be abortive branches. 

The ordinary hairs described above may F, 'j. "H- Root-hairs, 
be empty, or they may contain fluid of a joungroot. 
watery nature, either colourless or coloured. 

Hairs occur upon various parts of plants; their more 
common position is upon the leaves, stems, and young branches, 
but they may also be found on the flower-stalks, bracts, parts of 
the flower, the fruit, and the seed. A remarkable form occurs 
on .young roots, where cells of the epidermis produce long tubular 
outgrowths which become very closely applied to the particles 
of soil. These are termed root-hairs (Jig. 711). The hairs 
which* occur on the parts of the flower frequently play an in¬ 
direct part in the process of fertilisation by collecting the pollen 
which falls from the anthers ; hence such are termed collecting 
hairs. The collecting hairs which occur on the style of the 
species of Campanula are peculiar from their upper end retract¬ 
ing within their lower at the period of pollination. 

Besides the forms of glandular tissue already described, 
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certain secretions are formed in peculiar hairs. These may 
arise from a single cell of the epidermis or from several. In 
some cases the secretion is formed inside one or more cells; In 
others it is due to a degeneration of the cell-wall, and then accu¬ 
mulates under the cuticle of the terminal cell or cells (figs. 712 
and 718). These glandular hairs or external glands may be 
sessile or stalked. If sessile they present Various appearances, 


' Fig. 712. Fig. 714. 



Fig 712. Glandular hairs from Primula ntiensu. a. Youug hair. b. Hair 
showing secretion formed in the cell-wall of the terminal oell. c. Hair 

after discharge of the secretion.- Fig. 713. Glandular hairs from Hop. 

A. Young hair. b. Mature hair. Secretion under the cuticle.- 

Fig. 714. Sting of a species of Malpighia. e. Epidermis, g. Glandular appa¬ 
ratus.- Fig. 715. Sting of the common Nettle ( Urtiea dioical consisting 

of a single cell with a bulbous expansion at its base, 5, ana terminated 
above by a swelling, t , and containing a granular irritating flnid, /,/. 
t c e. Epidermal cells surrounding Its base. 

and consist either of one secreting cell, or of two or more. 
Those with one secreting cell placed above the level of the 
epidermis are frequently termed pkpillte. 

Bairs with a very large and swollen terminal cell, which 
serves as a water reservoir, occur upon the surface of the lee- 
plant (hfessmbryanthemum crystallinum), and it is to their 
presence that the peculiar appearance of that plant is due. 
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When a sessile gland contains an irritating fluid, and is 
prolonged above into one or more hair-like processes, which 
are placed horizontally {fig. 714), or vertically (fig. 715), we 
have a sting formed. 

In the Nettle (fig. 715) the sting consists of a single cell, 
enlarged at its base, b, by an irritating fluid /, /, which it con¬ 
tains, and tapering upwards to near its apex, where it again 
expands into a rounded or pointed head, s. The enlarged base 
is closely invested by a dense layer of epidermal cells, w e, which 
forms a kind of case to it. When a Nettle is touched lightly 
the knob-like head, s, is broken off, and the sharp point of 
the sting then left enters the skin, while the irritating fluid is 
pushed up at the same time into the wound by the pressure 
occasioned by the elastic force of the surrounding epidermal 
cells, w e. 

The Ground or Fundamental Tissue System. 

Underneath the epidermis in the gametophyte of all cellular 
plants whioh show any differentiation of tissues, we find a mass 
of cells which constitutes the ground or fundamental tissue. 


. Fig. 716. Fig. 717. 



Fig. 716. Diagram of flection of monostelic stem of dicotyledonous plant. 
c. Cortex, b. Limit of stele, a. Vascular bundles, m.r. Medullary rays. 

pi. Pith.- Fig. 717* Diagram of section of monostelic fltem of mono- 

cotyledonous plant, a. Vascular bundles, c. Corlex. b. Limit of stele. 

In the sporophyte of the vascular plants, which is in their 
case the prominent form, we can distinguish in addition a 
central stele or steles, largely composed of vascular tissue, but 
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containing some fundamental or conjunctive tissue interspersed 
among the latter (Jigs. 716 and 717). The fundamental tissuf 
in these forms may be spoken of as extra-stelar and intra-sielar 
respectively, the former derived from the periblem, the latter 
from the pleromc. If there is a single stele the extra-stelar 
fundamental tissue constitutes what is known as the cortex, and 
has the form of a hollow cylinder. It is the region which is 
continuous with the periblem of the growing point (fig. 701). 

Extra-stelar Ground Tissue, or Cortex. 

Generally ground tissue is composed of parenchyma, the cells 
being polygonal in outline and thin-walled, with intercellular 
spaces between the cells. Sometimes the walls are slightly 
thickened, and then show pits upon their surfaces. The tissue 
may contain, in addition, fibres or masses of sclerenchyma or 
collenchyma, especially when the vascular bundles of the stele 
are not well developed. 

These masses are arranged in different ways, sometimes as 
a sheath underlying the epidermis, sometimes as isolated 
strands in the substance of the cortex, or the external layer 
of tho stele, sometimes as sheaths or masses, in contact with 
the vascular bundles. They may be connected together in 
various ways, and thus form a supporting tissue supplementing 
the vascular bundles. These sclercnchymatous and collenchy- 
matous masses together with the hardened elements of the vas¬ 
cular bundles are often spoken of as the stereome of the plant. 

The cells of the parenchyma retain their protoplasm, and are 
largely concerned in the metabolic processes of the plant. The 
. outer layers frequently contain chloroplastids, starch, &c. Gene¬ 
rally in the axis of vascular plants tho external layers of the 
cortex differ to a variable extent from those nearer the centre, 
and can be recognised as a well-marked region, often called the 
hypoderma. The innermost layer, which abuts upon the stele, 
or steles if there are more than one, constitutes the endodermis. 

The hypoderma is often found to contain supporting tissue. 
In many stems it is composed entirely of layers of sclerenchyma, 
as in the rhizomes of many Ferns and»species of Equisetum. In 
succulent petioles it is often composed of collenchyma. 

In the hypoderma of roots the second layer of the cortex is 
known as the exodermis (fig. 718). Its walls are usually thin, 
with a ladder-like thickening band extending round their radial 
and upper and lower’ surfaces. In Monocotyledons it persists 
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throughout the life of the root; in Dicotyledons it is soon shed 
# and replaced by a deeper corky formation. In some plants the 
exodermis is several layers of cells in thickness. 

In foliage leaves the hypoderma sometimes shows a large 
development of sclerenchyma, as in many of the Coniferce 
(fig. 719, li). In the leaves of certain Monocotyledons it consists 
of aqueous tissue, being 
made up of thin-walled 
parenchymatous cells 
which contain little more 
than water, and are 
packed close together 
without intercellular 
spaces. Some succulent 
leaves have their ground 
tissue entirely composed 
of this. 

The general ground 
tissue shows a peculiar character in the wings of foliage leaves, 
the cells, though parenchymatous, not being at all like those of 
the stem. On one or both sides they are found to be elongated 
and arranged in one' or several rows, with their long axes at 

Fig. 719. Fio. 720. 



Fig. 719. Portiou of transverse section of leaf of lHnut. e. Epidermis, h. 
Hypoderma.- Fig. 720. Section of leaf of Beta. e. Epidermis, p.t. Pali¬ 

sade tissue, s.p. Spongy parenchyma. 

right angles to the surface. They have a number of chloroplasts 
embedded in their protoplasm. From their mode of arrange- 
1 ment they have been called palisade tissue (fig. 720, p.t.). If 
this tissue is only on the upper side of the leaf, the lower side 
shows more irregularly arranged chlorophyll-containing tissue 
which from the looseness of its arrangement has been called 
spongy parenchyma (fig. 720, s.p.). It is chiefly remarkable 
for its abundant intercellular spaces. 



Fig. 718. 



Fig. 718. (mter part of root of Hyacinth. 
ep. Epiblema. e.t. Exodermis, c. Cortex. 
x260. 
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The general ground tissue of tho cortex may contain many 
other kinds of tissue already described; resin ducts, latieiferous, 
tissue, &Q., all occur in different plants. 

Crossing the eortioal tissue of the stem we find fibro-vascular 
strands joining the meristeles of tho leaf with the main axial 
stele. As we shall see later, the leaves are derived from the 
periblem and dermatogon of the stem, the plerome taking no 
part in their formation. We find that parts of the periblem 
give rise in this way to vascular tissue, though the chief place 
of origin of the latter is the plerome. The vascular strands 
continuous with those of the leaf are known as leaf-trace 
bundles. 

In rare cases certain strands of vascular tissue are found in 
the cortex, developed longitudinally down the stem for some 
distance parallel to the stele. These are generally leaf-trace 

"Fig. 721. Fig. 722. 


Fig. 721. Endodermis and perioyclo of root of Ini. end. Endodermis. 

p.c. Passage cell. pe. Perioycle.- Fxg. 722. Endttdermis of root with 

cogged thickeuiug. 

bundles, which ultimately curve and join the bundles of the 
stele. 

The innermost layer of the cortex is the endodermis. It 
forms a band of peculiar character round the stele, or round 
each stele if there is more than one. The cells composing this 
layer are sometimes thickened uniformly, or on the side facing 
the stele and on the laiteral walls (fig. 721): they are more 
commonly thin-walled with a peculiar ladder-like thickening 
band extending round their radial and upper and lower surfaces. 
This in section gives the appearance of fig. 722, end. In other 
cases, particularly in steins, the endodermis is only recognisable 
with difficulty. 

In rare cases, as in the roots of Equisetum and the stems of 
certain Ferns, the endodermis consists of two layers. 

In the cortex of all those stems which grow in thickness a 
further modification of ground tissue is developed. This is the 
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tissue known as cork. It is not confined to the cortex, though 
the latter is the chief seat of its formation. It may be formed 
* also in the colls of the epidermis or in some part of the tissue 
of the stele. In most cases it arises from the outermost layer 
of the hypoderma becoming 
merismatic, and dividing 
repeatedly by tangential 
walls, forming a layer, often 
several oells thick, of brick- 
shapod cells without inter¬ 
spaces (fig. 723, per). The 
cell-walls remain thin, but 
generally become completely 
suberised. The merismatic layer of colls is known as the 
phellogen (fig. 723, ph .); it is classed as a secondary meristem, 
the cells regaining the power of dividing after having assumed 
the condition of permanent tissue. 

Sometimes it is not the outer layer of the hypoderma which 
becomes phellogen, but one deeper in the cortex. The depth 
varies in different stems : it may be seated so far inwards as to 
be within the limits of the stele. It never extends within the 
wood of the vascular bundles. Sometimes many phellogcns are 
developed in succession, 
each of which gives rise 
to a cork layer. 

Whatever be its origin, 
it gives rise to the same 
forms of tissue, externally 
cork , and internally often 
to a secondary cortex 
known as phellodenn. 

The phellogen and the 
tissues which it forms both 
internally and externally 
have been called periderm by some authors; by others the term 
periderm is restricted to the layers formed on the outside only 
of the phellogen, the phellodcrm and the phellogen being dis¬ 
tinguished from it. 

A variety of ordinary* periderm is formed in some cases by 
strata of thickened or hardened cells occurring among the thin- 
walled suberised ones. This is the case when the activity of 
the same phellogen is maintained for several years. In roots, 
cork is found less frequently in the hypoderma ; generally the 


Fie. 721. 



Fig. 724. Section of Lentioel (l.). 
per. Periderm. 


Fig. 723. 



Fig. 723. Outer portion of cortex of 
young stem of Lime. ph. Phellopren. 
per. Cork. 


382 


MANUAL OP BOTANY 


phcllogen arises in the external layer of the stele, known as the 
perioycle. It may or may not be accompanied by a development 
of phelloderm. In leaves the occurrence of cork is rare. It is ' 
found in the scales of the winter-bud of the Horse-chestnut, 
and in the petioles of Hoy a carnosa and a few other plants. 


Fio. 725. 



Fig. 725. Section of stele of root. After Kny. en. Endodermis. pe. Pcri- 
eycle x. Xylem bundles, the protoxylem, x lt abutting on the perioycle. 
ph. Phloem bundles alternating with the bundles of xylem. p. Pith, or 
conjunctive tissue of the stele. 


Cork is also formed as a covering pver any portion of the 
interior of a plant which is exposed to the air in consequence 
of injury. The injury stimulates the exposed uninjured cells to 
merismatic activity, and a phellogen is formed over the wound. 

Cork is formed in all stems and roots that increase in thick¬ 
ness'; it occurs in most Dicotyledons and Gymnosperms; some 
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Monocotyledons ; in the Marattiacece and in Batryclrinm aiming 
• the Cryptogams. It is not found in herbaceous plants. 

The development of cork and its effect upon the structure of 
the stem and root in woody plants will be farther discussed in 
connection with the anatomy of these members. 

From the character of its cell-walls and the arrangement 
of its cells, the cork forms a layer impervious to the passage 
of water or gases. At certain places in both stems and roots 
special structures are developed to allow of the admission of air 
to the tissues underlying it. These are lenticels. In stems 
they are generally developed under places in the epidermis 
where stomata are present. Each consists of a little rounded 
spherical mass of corky cells arranged loosely together. They 
become exposed to the air by rupture of the epidermis above 
them. In the autumn a formation of cork takes place under 
them, by which the communication with the exterior is cut off 
till the succeeding spring {fig. 724). 

Intrastelar Ground Tissue, 

The intrastelar ground tissue is somewhat varied in its dis¬ 
position. In a monostelic stem or root the whole stele is sur¬ 
rounded by a layer of usually parenchymatous tissue abutting on 


Fig. 726. Fio. 727. 



Fig. 726. Diagram of monostelic stem of Dicotyledon, e. Cortex, b. Limit 

of stele, a. Flbro-vascular bundles, pi. Pith. m.r. Medullary rays.- 

Fig. 727. Diagram of section of monostelic stem of inoiiocotyUdouoiis plant. 
a. Vascular bundles, c. Cortex, b. Limit of stele. 

the endodermis and extending inwards for a variable distance. 
This is known as the pericycle. In roots {fig. 725, pe) it is 
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generally composed of a single layer of cells; in most stems, of 
several layers. The cells are usually parenchymatous, but bands,, 
rings, or patches of sclercnchyma may be present. Frequently a 
number of such thickened cells abut upon the vascular bundles. 
In roots merismatic tissue is often developed in the pericycle. 
Iii consequence of this, secondary formations of both vascular 

Fro. 728. 



Fig. 758. Collateral bmulle from stem of a Mouoootytalon. pi k. Phlogm. 
x. Xylem vessels, pph. Protophloem. The bunille is surrounded by a 
small-celled sheath of sclerenohyma. After Kny. 


tissue and periderm occur there. In the stem and petiole glan¬ 
dular tissue is frequently met with. c 

The disposition of the rest of the intrastelar ground tissue 
depends upon the arrangement of the vascular bundles in the 
stele. "We may distinguish several types. The vascular bundles, 
few in number, may be arranged as a circle of wedge-shaped 
bodies just within the pericycle, as in the stems of Dicotyledons 


TISSUE SYSTEMS 


835 


and most Gymnosperms. Then this part of the conjunctive 
tissue consists of a central mass or pith, and a number of 
*Rtrands extending between the latter and the pericycle, constitut¬ 
ing the so-called medullary rays. The vascular bundles may be 
numerous, and arranged irregularly, or in a series of circles, in 
the stele, as in the stems of Monocotyledons. Sometimes the 
centre of "the stele of the latter is free from them, and we can 
speak of a pith. It is usually, however, very ill-defined. It is 
customary not to speak of pith in these stems, but merely 
interfascicular ground tissue. The latter is generally most con¬ 
spicuous towards the centre of the stele. It often contains 
sclerenchyma, either in isolated patches, or in cue form of 
sheaths surrounding the vascular bundles (fly. 728). In many 


Fio. 729. 



Fig. 729. Stele of stem of Fern, composed of three fused concentric bundles 
rn. Endodermia. pe. Pericycle. ph. Phloem, p r. Groups of protoxylem. 


roots the part of the stele within the pericycle consists of a solid 
vascular cylinder containing no conjunctive tissue*at all, or only 
a little dipping in from the pericycle in the intervals between the 
bundles; while in other oases there may be a central hardened 
pith closely surrounded by the bundles, and not communicating 
with the pericycle by regular medullary rays. 

•In Dicotyledons isolated vascular bundles sometimes occur in 
the pith. Where a large pith exists the cells of it tend after a 
time to break up and diSappear, forming hollow stems, as in 
many members of the UmbelUferce. These hollow stems are 
extreme instances of lysigenous formations. 

In polystelic stems each stele, in addition to its envelope of 
endodermis, is surrounded by a layer of pericycle. Such steles 
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are usually composed of solid vascular tissue, and do not show 
intrastelar ground tissue, both pith and interfascicular ground 
tissue being absent (fig. 729). 


The Vascular Tissue System. 

The Stele.— We have seen that the centre of the tissue of 
the growing point, which has been named the plerome, develops 
into a solid strand of complex character, forming the stele. 
Usually this remains single throughout the axis, and the plant is 
termed monostelic. The arrangements of its parts are different 
in the stem and the root, but there is a single central cylinder 
running throughout the whole axis. Separate portions, known 
as meriatelea, pass outwards from it to the leaves. If a section 


Fio. 730. 

at 



Fig. 730. Polystelle stem of Pern. tt. Stele*, tr. Bonds of solerenoliynm. 
ky. Hypodermal solerencliyma. ep. Epidermis. 

of such a stele be taken a little way behind the growing point, 
there can be seen variously placed in it a number of collections 
or groups of small cells, very well defined and marked off con¬ 
spicuously from the rest of the tissue. These are sections of 
strands of cells, called procambiurh strands, which a little 
later are transformed into the vasculhr bundles. Great differ¬ 
ences appear in different steles in the composition and arrange¬ 
ment of the latter, as already described. Between them we find 
ground tissue; and a layer of the same, the perieycle, surrounds 
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the whole stele externally, lying in contact with, the endo- 
dennis. The general arrangement of the intraetelar ground' 
tftsue has already been described. 

In many stems this monostelic structure is not found. 
Several separate steles sometimes exist, each containing 
vascular bundles and surrounded by layers of pericycle and 
endodermis. Such stems are known as polystelic (fig. 730). 
In some stems of this type the separate steles, or some of them, 
aro fused together for variable distances along their course. 
The pericycle and endodermis then surround the mass formed 
by such fusion, and the arrangement is called gamo-desmic. 
If the original plerome is not continued into a single 
cylinder surrounded by an endodermis, but instead gives rise 
to a number of strands, each consisting of a single vascular 
bundle surrounded by a pericycle and endodermis, we have the 
condition called attlely or schizostely. This differs from 
polystcly in that each stele in the latter case is composed of two 
or more vascular bundles. 

The formation of the several steles in polystelic stems is due 
to the differentiation of the cells of the plerome varying at 
different times during the growth of the axis or stem. The 
endodermis of the steles is not in this case, and in that of astely, 
derived entirely from the periblem, but part or all of it springs 
from the plerome. 

The Pericycle .—As we have seen, this portion of the stele 
is to be regarded as ground tissue. It presents certain charac¬ 
teristic features in different portions of the axis. Generally, its 
cells are thin-walled and parenchymatous, and form a continuous 
layer over the stele. In the stem it is usually several layers of 
cells thick, and may contain a variety of tissues, including bands 
or strands of eollenehyiua, sclcrenchyma, or glandular tissuo. 
In the root it is usually only one coll thick, and the cells are 
all parenchymatous. An exception is found in nearly all 
Gymnosperms, where it is many-layered. There is, however, a 
good deal of variety in its construction in many roots. It is not 
always continuous, being absent behind the woody bundles of 
many grasses and sedges and some other Monocotyledons, in 
which the protoxylem cells abut directly on the endodermis. 
In other cases its continuity is interrupted behind the bundles 
of the bast, particularly in se'veral aquatic Monocotyledons. 

Though generally of uniform thickness in roots, this is not 
without exception. It may be several cells thick opposite to the 
bast bundles, as in the aerial roots of some Orchids, or behind 

von. x. z 
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the wood bundles, as in some Leguminoste. Where it is many- 
layered the cells may become sclerotised. 

The pericycle is often the seat of secondary formations, du e 
to certain of its cells becoming merismatic. Phellogens espe¬ 
cially arise there, leading to the development of layers of cork. 
This is particularly the case in roots, where such phellogens 
extend completely round the stele. Another meristem giving 
rise to vascular elements is also developed in the pericycle of 
the root; but this is discontinuous, occurring only outside the 
bundles of the wood. Its separate parts join a number of strands 


Fio. 781. 



px X 

J'ty. 731. Collateral bundle of Ilicinnt. m. Endodennig. ph. Phloem. 
c. Cambium, px. Protoxylcm. x. Xyletu. if c. Interfascicular cam- - 
bium. Aitcr Sachs. 

of a similar meristem arising more deeply in the stele, forming 
thus a sinuous ring of generating tissue, or cambium. 

In all plants above the Vascular Cryptogams the pericycle 
gives rise to the lateral rootlets. 

In some aquatic roots the pericycle is' not present, but the 
vascular tissue of the stele abufs directly on the endodermis. 
This is the case also in the roots of the Equisetacete, and in the 
stems of S a Ivin in. and Aeolla , where the endodermis is two¬ 
layered. 

The Vascular Bundles,— Each fully differentiated vascular 
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bundle consists usually of two parts, called the xylem, or wood, 
aijd the phloem, or hast. The xylem is made up of what has 
been described as tracheal tissue mixed with a certain amount 
of wood parenchyma and wood fibres. Its walls are always 
lignified, and usually the cells are empty of contents. The 
phloem is made up largely of sieve tissue with a little paren- 


Fio. 732. 



J-ifj. 732. Collateral bundle from stem of a Monocotyledon, ph. Phloem. 
x. Xylem vessels, p.ph. Protophloein. The buudle Is surrounded by a 
small-celled sheath of solerenchyma. After Kny. 


chyma. Associated usually.with it is also a certain, sometimes 
a large, number of fibres. Bast or phloem cells are never 
lignified, and always contain protoplasm. 

Tn addition to wood and bast cortain bundles contain a thin 
layer of meristem, known as cambium. 

The wood and bast, though usually combined into a single, 

z 2 
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or conjoint, bundle, may be separate, when they are spoken of 
as wood or bast bundles respectively. n 

The number of bundles in a stele varies greatly. They 
are usually very numerous in the stems of Monocotyledons 
(jig. 727) but few in those of Dicotyledons (jig. 726) and Crypto¬ 
gams (jig. 729) ; there may be only one, as in the separate 
steles of schizostelic, and the smaller steles of polystelic, stems. 

According to the mode of arrangement of the wood and bast, 
wc have several types of vascular bundle. The two principal 
ones are the collateral and the concentric. 


Fig. 733. 



Fig. 733. Stele confuting of one concentric bundle from Fern bteiu. 
en. Endodermis. p. Pericyclc. ph. Phloem, px. Protoxylcm. x. Xylem. 


Collateral Bandies .—We distinguish again two kinds of 
these, one characteristic chiefly of the stems of Gymnosperms 
and Dicotyledons, the other of those of Monocotyledons. . 

In the first variety the bundle is roughly wedge-shaped, and 
the bast is placed behind the wood 1 ( jigs. 781, and 743, b). The 
orientation of the bundle or its position in the stele is such that 
the narrow end of the wedge is directed towards the centre of 
the stem, and its broad end towards the periphery. In such a 
bundle the wood and the bast are generally separated by a band 
or layer of cambium. In some cases the wood, and bast in a 
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bundle of this typo are in contact with each other, and there is 
thoreforc no cambium. Such a bundle is said to be closed, in ' 

Fig. 784. 



/'hi. 734. Stele of stem of Fern ( Polypoiliitm), composed of three fused ooncentric bundles. 
en. Kndotlermia. pe. Perioyelo. ph. Phloem, p c. (ironpn of protoxylem. 
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contradistinction to the form in which all three arc present. 
A bundle possessing cambium, which is a mcristem, is capable 
of continued increase in size, and is said to be open. 1 

Some bundles of this type, occurring especially in Cucurbi- 
tacea and a few’ other natural orders, have a second bast 


Fio. 736. 



Fig. 73C. Section of stele of root. After Kuy. en. Endodermis. pe. Peri- 
cyole* x. Xylem bundles, the protoxylem, x lf abutting on the pericycle. 
ph. Phloem bundle.* alternating with the bundles of xylem. p. Pith, or 
conjunctive tissue of the stele. 


bundle on the inner face of the wood. These are called 
bicollateral. 

The second variety of collateral bundle is not so markedly 
wedge-shaped. The w’ood is never separated from the bast by 
a cambium layer, but tends to curve partially round it as in 
fig. 782. The orientation of these bundles is similar to that of 
the first type. 
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Concentric Bundles .—Of this form we have again two varie.- 
4ies. In most the wood is central, and is surrounded by a layer 
of bast. This is seen in most Ferns (fig. 798). Sometimes an 
apparently concentric bundle is formed by the fusion of a number 
of wood bundles to form a single mass, which is surrounded by 
a ring of bast, itself the result of a fusion of separate bundles. 
Such a bundle is termed gamodesmic : it may be seen in many 
Selaginellas and Ferns (fig. 784). It is better regarded as a 
ateh. 

In the other variety we find the bast central, and the wood 
Fio. 737. 



; 

•X? ; 

: 


Fig. 787. Radial vertical section through a collateral flbro-vascular bundle 
from the stem of the Sunflower, p \ Pith, a, a\ Spiral vessel* ( Proto- 
rylem). u>\ u>. Wood-cells. p t p. PItted vessels, c. Cambium, at, at. Sieve 
tubes, ph. Fibres of the pericycle. ». Bundle-sheath. o'. Cortex. After 
Prantl 


surrounding it. It occurs in a few Monocotyledons (fig. 785). 
Concentric bundles never contain any cambium. 

• The wood and bast bundles of the stele of the root are not 
conjoint but separate. They are said to be radially arranged 
as they lie side by side alternately in a circle round the axis 
(fig. 786). They are always separated by interfascicular ground 
tissue. A variety, which leads to an apparently very complicated 
structure in the adult form, is found in the stems of Lycopodium 
and some allied plants, where the separate bundles ultimately 
become gamodesmic (fig. 756). 
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The longitudinal course of the bundles in the stele varies 
very much in different stems, and will be best described whep 
dealing with the structure of the latter. 

In some eases they can be traced up to the plerome, beyond 
the insertion of the leaves, when the bundles are called cauline. 
In other cases they are continuous with the bundles in the young 
loaves. Being common to stem and leaf, they are known as 
common bundles. 

Fio. 738. 



Ft’/. 738. Collateral bundle of Rtrtnvt. rn. Bndodermls. p/I. Phloem 
r. Cambium, pr. Protoxylom. x. Xylem. if.c. Interfascicular cambium. 


Differentiation of the Bundles. 

The transformation of the procambium merismatic cells into 
the permanent tissue of the vascular bundle does not take place 
all at once, but begins at definite spots and extends in a regular 
manner from those points. In the first type of collateral bundle 
described above, the development of wood starts by the differentia¬ 
tion of a spiral or annular vessel or.row of tracheids situated, 
with few exceptions, at the apex of the wedge, forming the 
protoxylem (fig. 738, px). This is the only point at which 
spiral or annular vessels ever occur in such a bundle. The dif¬ 
ferentiation then proceeds gradually backwards or centritugally, 
forming the primary wood, which consists of vascular and 
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parenchymatous elements with thickened lignified walls. The 
vessels and tracheiids are variously pitted, as already described, 
and they lose their protoplasmic contents. 

The outer part or bast of this type of bundle begins to be 
differentiated at a place at the exterior of the wedge-shaped 
mass, where a few sieve tubes and their companion cells may 


Ere. 739. 



Fig. 739. Collateral handle from stem of a Monocotyledon, ph. Phloem. 
x. Xylem vessels, p.x. Protoxylem. p.ph. Protophloem. The bundle is 
surrounded by a small-celled sheath of sclerenchyma. After Kny. 

« 

be observed. These constitute the protophloem. Their shape 
becomes altered by pressure within the bast; their walls ap¬ 
pear swollen and their cavities almost indistinguishable. The 
differentiation of the rest of the bast proceeds then centripetally 
towards the wood. In some cases the wood and bast come to 
meet as above described; in others a band of the procambium 
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between them does not become permanent tissue, but retains its 
inerismatic powers. This constitutes the cambium of the bundle 
(y?f/. 788, c). Its cells are usually elongated parenchyma with 
thin walls and granular protoplasm. By this merismatic layer 
the bast on the one side and the wood on the other are increased, 


Fig. 740. 



Fig. "40. Section of stele of root. After Kny. tn. Eiidodermis. pe. Peri- 
cycle, x. Xylem bundles, tlio protoxylem, ar„ abutting on tlie pericycle. 
jph. Phloem bundles alternating with the bundles of xylem. p. Pith, or 
conjunctive tissue of the stele. 


so that the conjoint bundle grows both inwards and outwards. 
This fascicular cambium is a primary meristem. 

The collateral bundle of the second type is- similarly de¬ 
veloped from the prooambium strand. The protoxylem is an 
annular or spiral vessel of some size, occupying a position in 
the front of the bundle. Frequently it abuts on a lysigenous 
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intercellular space, as seen in fig. 789. The protophloem, again, 
lies at the back of the bast; there is no cambium left between 
the bast and wood. 

In the concentric bundle both protoxylem and protophloem 
can be identified. If the section of the bundle be circular, the 
protoxylem lies at the centre of the circle (fig. 788). In con¬ 
centric gamodesmic bundles there may be several groups of 
protoxylem. These arise in some cases on the periphery of the 
xylem strand, as in some Selaginellas and Ferns; in some other 
Ferns they are situated more internally (fig. 734). The pro¬ 
tophloem arises at one or more points on the outside of the 
circumferential zone of bast. 

In radially arranged bundles each strand of procambium 
becomes completely converted into either wood or bast. The 
position of both protoxylem and protophloem in these is always 
external (fig. 740), so that the differentiation of the primary 
wood is centripetal instead of centrifugal, as in the collateral 
bundles. 

This difference of direction of formation of the primary 
wood is one of the most important anatomical differences 
between the stem and the root of a phanerogamic plant. 



848 


MANUAL OF BOTANY 


CHAPTER IV. 

THE STRUCTURE OF THE STEM. 


FlO. 741. 

d ile pi 


Dicotyledonous Type. 

As we have already indicated, the stem shows considerable varia¬ 
tion in its structure, dependent chiefly upon the arrangement of 
the vascular tissue in the stele. In the great majority of forms 

the stem is monostelic, and 
its tissues are arranged on 
one of two plans, loading to 
recognition of the two types 
especially characteristic of 
Dicotyledons and Conifers on 
the one hand, and Monocoty¬ 
ledons on the other. 

The dicotyledonous stem 
in its very young condition 
shows us in a longitudinal 
section of its apex a meristem 
of small cells, usually dis¬ 
playing dermatogen, peri- 
bletn, and plerome (fig. 741). 
A little way behind the apex 
the plerome can be seen in 
transverse sections to be 
marked off more or less dis¬ 
tinctly by the innermost layer 
of the periblem. ' 

The epidermis consists of 
a sheet of cells with cuticularisod external walls, closely attached 
to each other, and htfcing no intercellular spaces except the 
stomata, of which it bears a considerable number. The cells 
are usually empty save for the presence of water, except in 
aquatic plants, when they contain chloroplasts. These stems 



Fig. 741. Growing point of the stem of 
a Dicotyledon. After Douliot. d. Der- 
mntogen. pe. Periblem. pi. Plerome. 
/. Young leaf. The thick lines are exag¬ 
gerated to show the limits of the three 
regions. 
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have no stomata. Frequently the epidermis is provided with 
hairs of various shapes, and occasionally secreting cells are found 
among the others. Tho hairs, too, are often glandular. 

The cortex consists typically of parenchyma, with numerous 
intercellular spaces. The outer layers frequently contain 
chloroplasts, starch grains, &e. Bands, sheaths, or isolated 
patches of sclerenchyma arc often present. The innermost 
layer constitutes a sheath round the stele, named the endodermis 
(Jig. 742, cn), which is sometimes conspicuous, hut generally 

Fig. 742. 


en ph c tj.r. 



2 >x x 

Fty. 742. ('ollutural bundle of liictuun. rn. Endodormia. ph. Phloem. 
c.O'ambiunu p.t. Protoxjlwu. Xylem. \f.c. Interliweiculur cambium. 
After Sacl is. 


very difficult to identify. It can sometimes be recognised by its 
cells being crowded with starch grains. 

The cortex often increases along longitudinal lines, making 
tile stem ribbed, or in isolated spots, producing emergences or 
prickles. Both ribs and prickles are covered by epidermis. 

The epidermis and cortex persist throughout the life of 
herbaceous stems, but in those which increase much in thick¬ 
ness both are ultimately replaced by bark. 

Not far from the apex of the stele the procambium bundles 
become differentiated, and in transverse section are seen to be 
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Fig. 743. 




FUj. 743. Diagram of stem of Dicotyledon at three ages, a* Young oondi- 
tion showing commencement of differentiation of the stele and its fibro- 
vascular bandies, a. Procambium bundles arising in 6, the stele, c. Cortex. 
tn.r. Medullary ray. pi. Pith. H. A little older stage, p. Phloem. 
x. Xylem. c. Fascicular cambium, i.e. Interfascicular cambium. One of 
the bundles has been shaded, c. Older stage after the commencement of 
secondary thickening, px. Protoxylcm. .r. Secondary wood, ph, Secon¬ 
dary bast. a. New bundles formed by the interfascicular cambium in the 
primary medullary rays. The secondary medullary rays are indicated by 
the black radial lines in the bundles. After Sachs.' 
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arranged in a ring surrounding a central pith. They are 
separated by conjunctive ground tissue, strands of which extend 
•from the pith to the circumferential pericyde. Those strands 
constitute the primary medullary rays. As they get older the 
differentiation of the vascular bundles from the procambium 
takes place, the protoxylem lying next the pith, and the proto¬ 
phloem abutting on the pcricyclc. The bundles of such a stem 
are collateral. When they are numerous, and consequently 
close together, the protoxylems form a more or less evident 
ring round the pith, and constitute the so-called medullary 
sheath. 

The differentiation of the vascular elements does not usually 
extend throughout the bundle, but a narrow layer of meristem 
is left between the bast and wood, the cambium (fiy. 742, <■). 

This meristem forms new wood and bast by repeated divisions 
of a single layer of cells, the wood upon its interior, the bast 
upon its exterior surface. Through the activity of the cambium, 
therefore, the individual bundles grow in a radial direction. 
The divisions of the cambium are chiefly tangential in direction, 
but radial ones also take place, as the cambium becomes pressed 
towards the exterior of the stem by the accumulation of the 
wood it is continually forming. The bundle thus becomes 
broader as well as longer, as seen in transverse section. 

Soon after the differentiation of the primary bundles is com¬ 
plete, changes take place in certain cells of the medullary rays, 
which become merismatic and form a band of cambium across 
the rays. This always occurs between the cambiums of the con¬ 
tiguous bundles, so giving rise to a ring of cambium round the 
stem at that point. The portion of the ring which is formed 
in the rays, and which differs from the rest by being a secondary 
meristem, is known as the interfascicular cambium (Jig. 742, 
if.c.). The interfascicular cambium not only forms new parenchy¬ 
matous tissue in the ray, maintaining its existence, but part of 
it forms also new wood and bast like the cambium of the 
bundle. We may get new vascular bundles intercalated in this 
way between the original ones, or we may have the latter con¬ 
tinually increasing in breadth, their number remaining constant. 
When new bundles are thus formed they can be distinguished in 
the stem by not possessing any protoxylem, and by not being 
continued outwards into the leaves as are the primary ones. 

New medullary rays or radial bands of parenchyma are 
formed in the substance of the bundles by the cambium as the 
mass of wood increases, which are known as secondary medullary 
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rays. They differ from the primary ones not only in this mode 
of origin, but also by not extending to the pith on the one hahd 
or to the pericycle on the other. Their extent in a vertical direc- f 
tion also varies considerably in different cases. 

The medullary rays, both primary and secondary, usually 
widen out in the bast in consequence of the stretching of the 
tissue brought about by the continuous increase of the central 
mass of wood. This leads to radial divisions of the cells of the 
medullary rays towards their outer ends. 

The cells formed by the cambium undergo similar trans¬ 
formations to those of the procambium. The tissue of the two 
meristems is somewhat different, however, the procambium cells 
being elongated and narrow with square ends, while those of the 
cambium are prismatic. The behaviour of the two is different, 
the divisions of the proeambial cells taking place in threo planes, 
those of the cambium chiefly tangentially, but to a slight extent 
radially as well. 

The activity of the cambium is greater towards the interior 
of the stem than outwards, so that much more wood is formed 
than bast. 

The cells when first cut off from the cambium are thin- 
walled and hardly distinguishable from the inerismatic cells. 
Gradually they become changed to the permanent form. Those 
which are to form xylem parenchyma divide transversely, 
becoming cubical instead of prismatic. Those destined to be 
tracheids or segments of vessels increase considerably in 
diameter, displacing and compressing the adjacent cells. They 
thicken regularly or irregularly, as before described. The fibres 
which originate from the cambium exhibit a curious modo of 
growth, their upper and lower ends, which are, like those of 
the cambial cells, somewhat pointed, growing past those of the 
ceils above and below them, which behave similarly. Thus the 
separate fibres extend themselves between their neighbours, 
and often attain considerable length. Their transverse diameter 
docs not increase as in the case of the vessels. This mode of 
behaviour is known as sliding growth. It is seen not only in 
the young stem, but often in cases where growth in thickness is 
not accompanied by growth in length, when it causes curious 
displacements of the tissues. 

In the Conifers the secondary wood formed by the cambium 
consists of fibrous tracheids whose radial walls are furnished 
with bordered pits (Jig. 688). 

The cells of the secondary bast include chiefly parenchyma and 
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sieve tubes. The latter show a little peculiarity in their develop-- 
ment, whether from cambium or procambium. The segment of 
tne merismatic cell which is about to give rise to a sieve tube 
cuts off by longitudinal walls one or sometimes two segments, 
which are much smaller than the remaining one. These con¬ 
stitute the companion oells (fig. 744, c ); each remains filled with 
protoplasm and contains a large nucleus. The remaining cell 
slightly thickens its end walls, which become perforated, forming 
sieve plates, through which the contents of the adjacent cells com¬ 
municate (fig. 744, i.p.). The nucleus breaks up and disappears, 


Fio. 744. 



JFtg. 744. Bieve tube and comptuiiou ceils, x.t. Segment of the sieve tube. 
t.p. Sieve plate, c. Companion cells, x 640. After Strasburger. 


so that the mature sieve tube has not a nucleus. The sieve 
plates have later a deposit of callus upon them, which also lines 
the perforations. 

In Oymnosperms the 'sieve tubes have no companion cells. 
The cambium oells, though usually elongated prisms in shape, 
are riot always so. Those cells which continue the primary me¬ 
dullary rays (fig. 742, t/.c.), or which form secondary ones, divide 
transversely, becoming almost cubical. The segments which they 
contribute to the medullary rays have thus always this shape. 

By this mode of behaviour of the cambium ring, wood is 
continually formed eentrifugally, and the stem increases in thick¬ 
ness. The activity of the cambium continues for the greater 
von. i. a a 
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portion of each year, ceasing only during the winter, and conse¬ 
quently a new zone of wood is produced annually. As tjje 
year advances, the amoimt of new wood formed causes more 
and more compression within the bundle, so that the diameter 
of the new vessels gradually becomes smaller and smaller. 
Those that are formed in autumn have consequently much 


Fie. 745. 



Flu. 745. Section of twig of Lime, three years Old. a*. The successive 

annual rings of wood. ph. Fhloihu. c. Cortex, m.r. Primary medulhuy 
ray. pe. Layer of periderm. After Kny. 


smaller diameters than those of the next year’s spring wood, for 
the tension becomes relieved during the winter by the splitting 
of the external layers of the trunk through frost, so that the 
extent of each year's formation is usually very evident. The 
successive zones of wood are known as annual rings {fig. 745). 

The activity of the cambium on its external face is marked by 
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a similar intermittence. Usually, however, the limits of each- 
year’s formation of bast are not distinct. The bast is further 
Auch interfered with by secondary formations of periderm. 

In an old stem the internal zones of wood are often very 
different in appearance from the more external ones. As the 
wood gets older the cells lose their protoplasm and die, becoming 
hard and dry, and frequently much darker in colour. The 
outer zones, on the contrary, contain cells which are living, and 
which are charged with water. The secondary wood can thuB 



Fig. 746. Section of bark of Quercus msilylora. After Key. pe. Pendcrm 
layers, arising at different depths in the cortex. 


be divided into the alburnum or sapwood, and the duramen or 
heart-wood. 

The increase in thickness of the stem thus brought about 
sets up great and gradually increasing tension in the cortex, 
leading to early rupture of the epidermis. To replace the latter 
such stems show a continual formation of layers of phellogen, 
each giving rise to a cork layer externally, and generally to 
phellodenn or secondary cortex internally. This takes place 
usually at a very early date immediately below the epidermis. 
The periderm so formed being impervious to moisture, all the 
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cells external to it dry up and perish. Successive layers of 
phellogen arising continually deeper and deeper in the cortex 
cause the external dry tissue to be very complex in structure. 
The phellogen layers often extend as far internally as the 
secondary bast. The mass of external tissue thus formed is 
known as the bark. It includes all the layers of periderm, with 
varying quantities of cortical tissue, perioycle, and baBt. It is 
consequently extremely complex. The phellogens often form 
not only ordinary cork eells, but mixed with them cells thiokened 
sclerencbymatously. 

In some cases the bark is the product of a single phellogen 
which continues its activity for many years. A very thick 
external layer of cork is thus formed, as in the cork oak. In 
other cases a new phellogen is formed every few years, deeper in 
the tissue than the previous one. 

These formations of phellogen may be cylindrical, cutting off 
regular zones or cylinders of tissue. Frequently, however, they 
dip into the other tissues somewhat irregularly, and often in¬ 
tersect each other, giving rise to the separation from the stem of 
irregular sheets of bark (fig . 746). These sometimes, as in the 
Plane tree, are shed from the trunk in large patches. We dis¬ 
tinguish the latter case from the former by the terms scale 
bark and ringed bark respectively. Binged bark is generally 
ruptured longitudinally somewhat irregularly, and'presents the 
appearance of grooves or furrowB, often of considerable depth. 

Besides this formation of bark, serving as a normal protection 
to the internal tissues, another tissue is developed in cases where 
an injury occurs to woody plants. This is known as callus, and 
consists of ordinary parenchyma, which ultimately becomes 
covered with cork. It is only peculiar in itB mode of origin, the 
cells which are adjacent to the injured ones becoming merismatic. 
There is not much difference between this formation and that of 
the covering of exposed surfaces by cork as already described 
(page 882). If in a stem or root the wound extends to the 
cambium, the callus originates at its sides as before, but cork and 
new cambium are formed in it, the latter joining the cambium 
which was injured, and growing over and closing the wound. 
If any object becomes impacted in the wood by the injury, the 
new formation grows over it and completely enoloses it. 

Turning from transverse sections to study the structure as 
revealed by longitudinal ones, this type of stem shows at the 
summit a small-celled meristem, as already described, forming a 
conical apex on which small lateral protrusions arise in acropetal 
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succession. The division into nodes and intemodes is visible at- 
a very early period, the small protrusions or cushions arising at 
tie former. Each protrusion is the rudiment of a leaf with a 
young bud or branch in its axil. It consists of a small out¬ 
growth of the periblem covered by the young epidermis. The 
plerome or central portion of the stem does not contribute to its 
formation. 

A little further from the apex the differentiation of the pro¬ 
cambium bundles in the stele can be seen. By the time this is 


Fra. 747. Fro. 748. 



evident the leaves have elongated to a greater extent, and the 
differentiation of their internal tissue is progressing. Each pro¬ 
cambium bundle of the stele is found to be continuous with one 
of those of the leaf, so that thebundle appears to originate in the 
leaf and to pass downwards into .the stem. It is said on this 
account to be a common bundle, that is, common to leaf and stem. 
The first appearanoe indeed of protoxylem is usually seen near the 
point of junction of the two members. These primary common 
bundles are known as leaf-trace bundles on account of their 
origin as described. 
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Following these leaf-trace bundles down the stem, they are 
found to pass independently through the intemodes, joining at 
the nodes other bundles entering there from the leaf vertically 
below the'm, or bifurcating and joining those entering the stem 
from the orthostichies next in order. If a leaf sends many 
bundles into the stem, their courses become complicated ; they 


Fig. 749. 



Fig. 749. Aquatic stem of Martilea. ep. Epidermis. co.la. Cortical lacim®. 
$cl. Sclerenchyma in the cortex. <*«,. Outer; en a . inner fused endodermis 
of the steles. The steles are fused together-laterally, forming a vascular 
ring in the centre of the stem surrounding a small portion of the ground 
tissue. 


sometimes join the other primary bundles of the stelar ring, or 
less frequently they form also independent circles in the cortex 
or the'pith. 

The secondary bundles formed by the cambium have no 
connection with the leaves ; they are cauline bundles only. 

The branches of the stem arise, as we have seen, in the axils 
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of the leaves by development there of lateral growing points 
which arise as small protuberances on the side of the main one 
( fig . 747). They arise only from the periblem and the epidermal 
l.ayer, as do the leaves in whose axils they occur. • As they 
develop, their structure is found to be similar to that of their 
parent; they show the same merismatio layers, each of which 
becomes continuous with the corresponding layer of the latter. 

In aquatic stems, both of this and of the monocotyledonous 
type and of certain Cryptogams, there is comparatively little de¬ 
velopment of wood. Instead, the cortex is unusually largo, and 
frequently shows lacunas or air-passages, which occupy a con¬ 
siderable part of its substance, very few rows or chains of cells 
separating them {fig. 749). In some cases the cells abutting 
on these air-passages are developed into hairs of curious form. 
These lacunae are interrupted at tho nodes, where the paren¬ 
chyma is continuous. 

Monocotyledonous Type. 

The structure of the growing point of stems of this type 
differs slightly from that of the former one. The apex is 

Fxo. 750. Fio. 751. 



ho. 760. Growing point of stem of monoootylodonons plant. The thickness 
of the oell-walls at the limits of the derniatogen anil periblem is exaggerated 

for the pnrpose of distinction. After Douliot.- Fig. 761. Diagram of 

monocotyledonous stem, showing bandies scattered more or less irregularly 
in the Btele. 


covered by a dermatogen, within which are the periblem and 
plerome, but the distinction between the latter two is not well 
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marked, a single initial layer being probably common to both 
(fig. 750). 

A transverse section taken a little lower down shows th's 
central stale differentiated as in the former case. The arrange¬ 
ment in the stele is, however, very different. Instead of a ring 
of procambium bundles arranged round a central pith, many 


Fio. 752. 



Fig. 762. Collateral bundle from stem of a Monocotyledon, ph. PliloBm. 

.r. Xylem vessels, p.ph. Protophlogm. p.x. Protoxylem. The bundle Is 
snrrounded by a amall-oelled sheath of sclerenchyma. After Kuy. 

bundles are found, arranged more or less in a number of rings, 
and all pointing to the centre of the stele. Those first formed 
lie towards the centre of the cylinder, and later others appear 
nearer the periphery. Further development leads to increasing 
irregularity in the ring-like arrangement, so that in an older 
stem the bundles seem to be scattered irregularly in the cylinder 
( fig. 751). In a few cases, as in the Bushes, there is » Single 
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or at most a double ring of bundles close to the periphery and 
surrounding a very large central pith. 

The bundles are of the collateral type, but as differentiation 
of the tissues proceeds, all the procambium is transformed into 
permanent tissue, so that the bundles are closed, containing no 
cambium. The protoxylem is at the front of tho bundle, and 


Fig. 754. 


Fig. 765. 



Fig. 758. Diagram of course of bundles in the stem of 

a Monocotyledon (Palm).- Fig. 751. Diagram of 

mode of growth of stem of Monocotyledon ( Zea May*). 

After Sacha.- Fig. 755. Part of a section of stem 

of Dracaena, pe. Cork. co. Cortex, ca. Cambium 
layer, b , b. Bundles in course of formation. 



consists of one or two spiral or annular vessels (fig. 752, p.sc). 
The large ducts or vessels on the wings of the bundle are next 
developed and then the remainder.of the wood. The proto¬ 
phloem is at the back of the bast (fig. 752, p.ph). The whole 
bundle is surrounded by a sheath consisting of a few layers of 
sclerenchyma belonging to the conjunctive tissue of the stele. 

Viewed in longitudinal section the bundles are seen, as in 
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the other type, to be common bundles, being continuous with 
those which belong to the leaves. Usually there are several 
bundles in each leaf. In the simplest type each can be traced < 
inwards fou some distance, after which its course gradually 
curves outwards, proceeding obliquely down the stem; it ulti¬ 
mately joins a bundle coming from a lower leaf {fig. 758). 

In most grasses, in consequenco of the great and rapid elon¬ 
gation of the internodes, the bundles appear to lie perpendicu¬ 
larly in tho stem. They do not extend far towards the centre 
of the stele, which becomes hollow. At the nodes the bundles 
anastomose freely with each other, forming a number of dia¬ 
phragms across tho cavity. 

The pericycle or external portion of the stele is sometimes 
lignified, and forms a hard sheath to the cylinder. Its cells 
are chiefly fibrous, serving, with the sclerenchymatous sheaths to 
the separate bundles, to give the necessary rigidity to the stem. 
The cortex of the stem varies a good deal in thickness, being 
generally thin in sub-aerial and relatively thick in subterranean 
ones. 

No cambium being present in this typo of stem, there is no 
regular increase of thickness as in the former type. The stem 
of the young plant is at first very slight, but as growth proceeds 
the growing point becomes continually larger and more vigorous, 
so that each node and internode become larger than the pre¬ 
ceding ones. The young stem has thus the form of an inverted 
cone (fig. 754). After a time this continuous enlargement 
ceases, and the upper portion of the stem is cylindrical. 

This kind of stem is not associated,' as is the former type, 
with a tap root. Tho primary root soon disappears, and the 
further root system consists of its branches and a number of 
adventitious roots developed from the lower part of the stem. 

In some Monocotyledons, e.g. Draccena, Yucca, a regular 
growth in thickness of the stem occurs. It is brought about by 
the development of a secondary meristem or cambium layer 
several cells thick, which arisos towards the exterior of the 
cylinder (fig. 755). This forms a series of bundles gradually 
proceeding outwards. These bundles are sometimes concentric, 
having their bast internal. 

In such stems there is a formation of periderm in the cortex, 
which is provided with lenticels. 
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Other Types of Stem. 

Besides the two types of monostelic stems described, another 
is found in some of the Vascular Cryptogams. The general 
features of the cortex vary a good deal, stereomo tissue being 
distributed in many ways. A 'special feature of the stele is 
that the development of tho xylem is centripetal. The xylem 


Fio. 756. 



Fig. 756. Section of stem of Lycopodium. ep. Epidermis, m. Endodermis. 
/*?. Psemlo-pencycle. par. Gronjw of protoxylem. ph. Phloem. After 
SaehB. 


and phloem bundles are placed side by side, and thus alternate 
with each other. The structure is seen best in the stem of 
Lycopodium (fig. 756). The stele is clothed by a psoudo-peri- 
cyclo and surrounded by an endodermis, both of which are 
developed from the cortex. At various distances round the ring 
of pericycle, touching its internal face, a number of protoxylem 
groups are differentiated, between which are an equal number 
of protophloems. The primary wood develops centripetally 
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from these protoxylem groups, and the separate masses so formed 
unite irregularly in the centre of the stele, forming a number 
of bands which are separated by similar bands of phloem. 
A somewhat similar type of structure is found also in Psilotum 
and a few other plants. 

Fio. - 757. 



Fig. 767. Diagram of stem in two 
species of Equiaetum. a. E. 
limomm. s. The separate 
bandies or schizosteles, each 
with its endodermis. b. E. 
hiemdle. The schlzoatelea, j, 
have their endodermis fused 
laterally. In both figures l = 
cortical lacunse. After Pfltzer. 
Fig. 758. Section of vascular 
bundle of Eguisetum limosum. 
en. Endodermis. pe. Pericycle. 
x. Xylem. ph. Phloem. 1. La¬ 
cuna. After Dippel. 


A similar centripetal formation of the primary wood ft 
found in the separate steles of several of the polystelie 
Selaginellas, and also in the hypocotyledonary portion of the 
axis in some of the Phanerogams, where the transition from 
the structure of the stele of the stem to that of the. root oan 
be observed. 

Schizostelie Stems .—In this type of stem the central stele 
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can be observed at its lower part, but as the axis is examined 
higher up, the cylinder is found to break up into as many strands 

Fiu. 750. 



Ft}/. 759. Stele of stem of Fern (Fitly podium), coui|K)&(tl of tliree fused con¬ 
centric bundles. cm. Kndoderuua. we. l’ericyelo. i>h. l'bloem. ^.(.Groups 
<if protoxylein. 


as there are vascular bundles, and those separate from each 
other, each becoming clothed with its own pcrieyelc and endo- 


Fio. 760. 
si 



Fitf. 760. Polyatelie stem of Fern. il. Steles. «. Bauds of scleremdiyma. 
hy. Hypodcnnttl eolereuoliyaui. tp. Epidermis. 

dermis, continuous below with those of the original monostele. 
The separate bundles may be scattered through the substance 
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of the stem, or may be arranged in a circle. At intervals they 
anastomose with each other, forming a network of bundles. 
This is due to a varying and irregular differentiation of the* 
tissue of t-lfe plerome. 

This type of arrangoment is rare among flowering plants, but 
it is not uncommon among the Cryptogams, being very frequently 

Fig. 761. 



/’i 0 . 761. Gainostelic stem of Martilea. tp. Epiilermih. co.la. Cortical 
lHOunec. ncl. Sclcrencliyimi in tbc cortex, m,. Outer; <?/i 3 . inner fused 
eudodermls of the steles. Tho steles are fused together laterally, forming 
a vascular ring in the centre of the Btem surrounding a small portion of 
the ground tissue. 


found among the Equizctacece. Some species of the latter show 
the separate bundles arranged in a ring, each with its pericycle 
and endodermis surrounding it (fig. 767, a) ; other species show 
the separate bundles all fused together laterally, except that part 
of their pericycle remains between each pair. The endodermis 
and part of the pericycle disappear from between them, but 
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remain fused in front and behind thorn, giving the appearance 
of an internal and external sheath {Jiff. 757, b). In some cases 
•the inner endodermis is almost or entirely indistinguishable, 
when the structure simulates a monostelc. The separate bundles 
of the Equisetums are peculiar in having a largo lacunar' space 
in the region of the xylem, causing the latter to be represented 
by only a few vascular elements {Jig. 758). 

The bundles in schizostelie stems are always collateral. 

Polystclic St fins .—In these as in the last described type the 
first-formed stem is monostclic, but as it grows the differentia¬ 
tion of the tissue of the plcromo becomes irregular giving "iso 
to several steles separated by conjunctive tissue (fig. 760). Each 
stele is clothed by perieycle and endodermis. The lattor layer 
differs from the endodermis of the monostelic stem in that the 
origin of part of it at any rate takes place in the pleromo and 
not the periblem. Each stele contains usually more than one 
vascular bundle (Jiff. 759). The separate xylems of these steles 
arc fused together, so that there is no 
pith. The separate steles may be 
irregularly disposed through the thick¬ 
ness of the stem, or they may be 
arranged in a more or less ring-like 
manner. In the latter case the cen¬ 
tral tissue must not be confused with 
the pith of a monostelic stem. The 
separate steles frequently anastomose 
with each other, forming an irregular 
network which can readily be seen 
after destruction of the soft tissues 
by maceration. Two varieties of the 
arrangement occur. In the first, 
which is known as dialystely, the 
steles remain for the most part inde¬ 
pendent, so that a transverse section shows them separate or 
fused two or three together (Jig. 760). In the second the steles arc 
arranged in a ring, and are close together. Many of them fuse 
together laterally, giving the appearance of an almost complete 
ring of vascular tissue, simulating the appearance often of the 
ring of collateral bundles of the dicotyledonous type of monostelic 
stem. As they fuse, the- endodermis and perieycle on their 
lateral faces disappear, and the parts of those layers behind and 
in front of them become continuous. The ring of tissue can be 
distinguished from the ring of the dicotyledonous stem by the 


l*To. 762. 



Ftg. 762. ({rowing point of 
shoot of Kquinetum artensr. 
x 25U. a. Apical coll. 
b , c. Successive segments 
cut off from it. 
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presence of internal endodermis, pericycle, and phloem layers 
(Jit/. 761). 

This mode of arrangement, known as gamostely,, is met* 
with in certain Ferns, especially Mam-ilea, and in some species 
of Auricula among Phanerogams. 

The conjunctive tissue in both polystelic and schizostelic 
stems is partly derived from the periblem and partly from the 
plerome. Their growing points arc generally furnished with an 
apical cell (fig. 762, a), though sometimes they have a small- 
celled meristem. 
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CHAPTER V. 

THE STRUCTURE OF THE ROOT. 


Unlike the stem, the root in the Phanerogams always arises 
in the interior of the tissue of the embryo. In the young ombryo, 
whose formation was spoken of in connection with the seed 

Fia. 763. 



Fig. 763. Polygonum Fngopijrum. Root apex, malum longitudinal section. 
a. Apical meristem. pc. Peri cycle, outside boundary of the plerome. v. Rudi¬ 
ment of a vessel, e. Dermatogen. Between jtc and e, jieriblem. h. Root-nap. 
After Do Bary. 


(page 228), the lower apex is covered by the suspensor. The 
first root arises at the junction of the two, at least one cell of 
the suspensor taking part in its formation, as will be described 

VOL. I. B B 


870 


MANUAL OF BOTANY 


later. The apex of the root consists of a mass of merismatic 
tissue in which the dermatogen, periblem, and plerome can be 
distinguished. The separate histogenic layers are frequently 
more distinct than in the case of the stem. The dennatogen 
divides into a number of layers, the outormost of which form 
a many-layered epidermis known as the root-cap (fig. 768, h). 
In most Dicotyledons the innermost layer is continued back¬ 
wards over the surface, and forms the so-called piliferous layer. 
In most Monocotyledons the dermatogen does not persist far 
from the apex, and the external layer above the point of its 
disappearance is the outer layer of the periblem. This external 
layer, whatever its origin, is known as the epiblema, and the 
special absorbent structures of the root, the root-hairs, are 
developed from it (fig. 711). 

The periblem of the root gives rise to a cortex which persists 
for a longer or shorter time. Its cells are generally pareneby- 


Fio. 764. Fio. 766. 



Fig. 7G4. Endodermis anil perlcyele of root of Iru florentina. end. Endo- 

dermis. p.c. Passage oell. pe. Pericyole.- Fuj. 765. Endodcrmit* of 

root with cogged thiokeniug. 


matous with thin walls, and there arc many intercellular spaces 
among them. The bypodermal layer is known as the exodermis, 
and its cells are frequently thickened as already described (fig. 
718). The endodermis is well marked, and its cells arc usually 
thickened considerably. When, as in Iris florentina, the thick¬ 
ening is regular round the internal and radial walls, there are 
certain cells, the passage cells, left unthickened (fig. 764, p.c.). 
Very frequently the thickening is deposited in the form of the 
band described at page 828, the separate thick portions somewhat 
resembling the projections of a cogged wheel (fig. 765). The 
thickenings are cuticulariscd in both cases. In Equisetuvi the 
endodermis is two layers of cells thick. 

The stele or central cylinder differs in many importan 
particulars from that of the stem. The pericycle is usually onh 
one layer of cells in thickness, though in the Gymnosperms anc 
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some few Dicotyledons it is many-layered. It is absent from the 
roots of Equisetnm. Its cells are parenchymatous; it does not 
show so much differentiation as it does in the stem, rarely con¬ 
taining, when more than one layer of cells thick, any additional 
form of tissue except secretory ducts. When thickening of the 
roots occurs it gives rise to certain merismatic layers which 


Fio. 7GC. 



Fia 760. Section ot stelo of root. After Kny. en Einlodermi». pe Feri- 
^ cycle. X. Xylem bundles, the protoxylcm, r„ abutting on the Pcrjoyote- 
ph. FliloCin bundles alternating withjtliejbundles of xylem. p. Fitn, or 
conjunctive tissue of the stele. 


take an important share in the process. The vascular bundles 
vary in number, but the bast and the wood are never conjoined; 
they lie side by side with each other, on separate radii of the axis 
with a little conjunctive tissue between them. They are first 
noticeable as procambium strands, and gradually take on the 
form of their permanent tissue. In the differentiation of the 
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latter, the protoxylem as well as the protophloem is situated on 
the outer face of the bundle, so that the development is always 
centripetal (fig. 766, a-). This constitutes a further important 
distinction 'between the root and the stem. 

The stele of the root does not usually contain any pith, the 
xylom bundles becoming united towards the centre. When pith 
is present the walls of its cells are often lignified, so that the 
centre of the stele is a hard woody cylinder. 

The number of the xylem and phloem bundles varies, being 
usually much greater in Monocotyledons than in Dicotyledons. 
Generally there arc as many of one as of the other. When only 
two of each are present the mass of wood formed by the union 
of the xylems extends across the cylinder, forming a plate of tissue, 
and the two bundles of the phloem lie one on each side of it. 
Such a root is called diarch. When more xylem bundles unite 
to form the plate, corresponding terms are used to describe it; 
thus we have triarch , tetrarch, polyarch roots. These tenns 
were originally used when it was considered that the central mass 
of wood was a single bundle, with several points of origination of 
the differentiation. 

The roots of Dicotyledons and Gymnosperms do not contain 
any meristem homologous with that in the bundles of the stem. 
When they increase in thickness, they do so by the development 
of interfascicular cambium, which arises as a secondary meristem 
in the conjunctive tissue on the inner face of the phloem bundles, 
and which forms wood on its inner face and bast on its outer 
as in the stem. These interrupted strands of cambium are a 
little later connected together by a similar meristem arising in 
the pericycle. The cells of the latter divide so as to form two 
or more layers in thickness behind the primary xylem bundles, 
and the inner layer becomes merismatic. In this way a sinuous- 
layer of cambium is formed, which becomes circular as growth 
proceeds. The further development is similar to that of the stem. 

The behaviour of the cambium ring is not uniform in dif¬ 
ferent plants. In some it forms wood and bast opposite only to 
the original phloem bundles, giving rise to parenchyma behind 
the primary xylems (fig. 767). Thus a broad medullary ray 
alternates with strands of secondary vascular tissue, as in Urtica, 
Cucurbita, and many other plants. This is very prominent 
generally in fleshy roots. Frequently in the latter, in the width 
of this ray, separate intermediate strands of vascular tissue occur. 
In other cases the cambium forms bast and wood opposite to 
both primary phloem and primary xylem. 
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In Monocotyledons and Vascular Cryptogams no cambium 
layer is developed in the roots, which consequently increase in 
thickness only very slightly. 

Coincidently with the development of the secondary vascular 
tissue in the stele, a phollogen layer arises, usually in the pericyde, 
though sometimes in the cortex, which forms cork externally 


Fig. 707. 



fin 707. Scotion of root showing secondary thickening, cn. Eudodennis. 

P.J-. Primary xylem bundles, p.fh. Primary phloem bundle. t..r. Masses 
of secondary xvlera formed opposite to the latter, e. Cambium. Opposite 
to tlio primary xylem the cambium lias formed parenchyma only, consti¬ 
tuting large secondary medullary rays. After Kny. 

and phelloderm on its inner face, as in the stem. The tissues 
external to this periderm formation dry' up and are thrown off, 
so that the exterior of the root is covered by a layer of cork, 
usually of stelar origin. The phellogen continues active for 
some time, and then becomes oither cork or permanent paren¬ 
chyma. A new phellogen subsequently arises in the new -formed 
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outer one divides again into two, which are the initial layers 
of the periblem and dermatogen respectively. The little mass' 
♦continues to grow, becoming conical, and gradually working its 
way to the exterior, absorbing by a kind of digestive process the 
cells of the cortex of the main root as it advances. 

If the stele contains moro than two xylem bundles, a row of 
lateral rootlets usually arises at the back of each. If only two 
are present there are generally four rows of rootlets which arc 
placed in pairs, one a little on either side of each xylem mass. 
In the Grasses and a few other Monocotyledons they arise 
opposite to the phloem bundles, as they do also in some 
Dicotyledons, whero a resin-duct lies in the peritycle behind 
each xylem bundle. 

In most Vascular Cryptogams the meristem of the apex is 
characterised by ihe 
presence of an apical 
cell (fig. 769, v). This 
has the shape of a four¬ 
sided pyramid, the base 
facing outwards. From 
each face in succession 
segments are cut off, 
which by subsequent 
divisions give rise to 
the tissue of the root. 

After each division the 
apical cell grows to 
its original size before 
cutting off the next 
segment. The segment 
parallel to the base of 
the pyramid originates the root-cap, which is a many-layered 
epidermis, as in the former cases mentioned. Tho dermatogen 
in these plants does not produce any part of the covering of the 
root, the latter being composed of the outer layer of the cortex. 
Tho segments cut off from the other faces of the apical cell 
divide by anticlinal and periclinal walls, forming a mass of 
tissue in which tho limits of periblem and plerome soon become 
apparent. The innermost layer of the former becomes tho endo- 
dermis, the outermost layer of the latter, the pericycle, except 
in certain caseB already mentioned, in which this layer is 
not differentiated. The endodermis is then composed of two 
layers. 


Fig. 769. 



Fig. 7G9. Longitudinal section through root of 
/tent hwtata, allowing apical region, v. Apical 
cell, from which are developed the tissue of the 
substance of the root., o, c, and the root-cup, 
k y ly m, n. After Sachs. 
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The lateral roots in the Vascular Cryptogams do not originate 
in the perieycle, but in the endodennis. A cell of the latter, which 
is opposite to a xylcm bundle of the main root, cuts out of itself, 
by four successive divisions, an apical cell which gives rise to 
the tissue of the lateral root. Tho latter bores its way through 
the cortex of the primary root in the way already described. 
The pericycle takes no part in the formation except to contribute 
the cells which connect the vessels of the lateral with those of 
the primary root. 

In the Lycopoiliaccce no lateral roots arc produced; the 
main root sometimes branches dichotomously, the growing 
point dividing into two equal ones. 

When adventitious roots are formed from the stem, they 
usually originate in the same way as the normal lateral roots: 
in the Cryptogams from the endodermis; in the Phanerogams 
from tho pericycle, as already described. In a few rare cases 
they arise exogenously like the branches of tho stem: this occurs 
when they are developed in connection with adventitious buds. 

Tho so-called hailstorm, or sucking roots, of parasitic 
Phanerogams, are developed from the periblem. 

The stem and root forming together tho axis of the plant, the 
tissues of the one are continuous with those of the other. The 
structure is, as wc have scon, different in the two parts. Between 
them there is therefore a region in which tho arrangement of 
the tissues of the one gradually changes into that of the other. 
This is in the so-called hypocotyledonary portion of the axis, or 
the part lying between the root and the insertion of the cotyle¬ 
dons. In Dicotyledons the epidermis of the stem is continuous 
with the piliferous layer, which wc have seen is generally the 
inner layer of the dermatogon, the outer layer of which forms 
the only true epidermal portion of the root, the root-cap. In 
Monocotyledons the epidermis of the stem is at first continu-' 
ous with the epidermis of the root. Tho latter, however, soon 
separates and exfoliates with the outer layers of the root-cap, 
leaving the external layer of the periblem nuked. The latter 
becomes the piliferous layer. 

The endodennis and pericycle of the two regions pass directly 
into each other, and the intermediate cortical tissues are similarly 
continuous. 

The vascular bundles of the root become continuous with 
those of the stem, but the two constituents change their posi¬ 
tions considerably. 

In the commonest case each of the xylem bundles of the root 
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divides into two, and the separate halves diverge to the l ight and 
left, twisting as they proceed, till the protoxylem, at first on the 
►outer face, becomes internal. The phloem bundles also bifurcate 
and diverge as do the xylem ones, passing gradually it little 
towards the exterior. Soon the left strand of a phloem bundle 
is found to be exactly behind the right strand of the adjacent 
xylem bundle, the two forming thus an ordinary collateral bundle 
which passes perpendicularly up the stem. The xylem and 
phloem bundles of the stem are thus twice as numerous as those 
of the root, though by the fusion of the separate strands of bast 
and wood the number of conjoint collateral bundles of the former 
corresponds with the number of separate bundles oi the latter. 
The phloem strands do not twist in their course, so that the 
protophlodm remains external. 

Less frequently the phloem bundles pass straight up into the 
stem without branching. The xylem bundles branch, diverge 
and twist as in the former case. The right and left halves of 
two contiguous xylem bundles meet in front of the continuation 
upwards of the phloem bundle originally between them, fuse, 
and become the xylem portion of the conjoint bundle. 

In a third case the xylem bundles do not branch, but as they 
pass upwards twist as before through an angle of 1 BO’. The 
phloem bundles branch and diverge, the halves of two contiguous 
ones fusing together behind a xylem bundle and uniting with it 
to form the conjoint bundle. 

In some plants, particularly among the linsaceec, the roots 
give rise to adventitious buds. Instead oftliesebeingexogenous, 
as when they spring from the stem, they originate deep in the 
tissue. They are derived from the pcricyelo like the lateral 
roots, and bore their way out in the same way as the latter. 
Linaria shows an exception to this mode of origin, as its radical 
buds arise from the epidermis. 
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CHAPTER VI. 

THE 8TKUOTUBE OF THE LEAF. 


The leaf, or phyllopodium, arises as a little outgrowth from the 
stem in close proximity to the growing point (fly. 770, l). It 
generally follows in its method of origination the modo of for¬ 
mation of the mcristem of the axis; if the latter has an apical 
cell, the leaf is similarly constructed; if there is a srnall- 


Pio. 770. 



/■’ill. 770. Glowing point of the stem of a 
Dicotyledon. After Douliot. d. Dermatogen. 
/**. 1’erilik'tn. pi. Plerome. 1. Young leaf. 
The thick lines arc exaggerated to show 
the limits of the three regions. 


celled meristem in the stem, 
the leaf also has no apical 
cell. The tissue of the leaf 
arises from the dermatogen 
and the periblem, both of 
which produoe a number of 
cells causing the projection. 
In further development the 
dermatogen givos rise to the 
epidermis, and the periblem 
to the internal tissue, the 
plerome of the stem taking 
no part in its formation. 

Like the stem the phyllo¬ 
podium may be monostelic 
or polystelic. In either case 
tho meristeles or separate 
steles of the leaf become 
united with tho stele or 
steles of the axis by changes 
in the cells of the periblem 
which lie between the axiu.1 


stele and the insertion of the 


leaf. The endodermis and the pericyclo of the two members be¬ 
come similarly continuous with each other. As the leaf grows, 
it assumos the shapes already described, by variations in the 
distribution of growth, part or all of the projection becoming 
flattened or winged. Usually the three regions described as 


THK STRUCTURE OF THE LEAF 


379 


hypopodium, mesopodium, and epipodium become separately 
recognisable. The growth is for a time apical, but this Boon 
•seases, except in Ferns, and the further development is caused 
by basal or intercalary growth. ■ 

The structure of the axis of the loaf differs materially 
from that of the winged outgrowths from it.. In the epipodium 
the wings are usually much greater in extent than the axis 
which bears them, so that the structure of the latter is soon 
lost, and the leaf-blade when seen in section comes to appear 
altogether different from the rest of the phyllopodium. 

The Mespodium or Petiole .—The axis of the phyllopodium 
is most readily examined in the intermediate region, or petiole, 
which seldom becomes winged. A section in this region has 
a somewhat flattened or slightly concave upper surface and a 

Fiq. 771. 
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Fiy. 771. Sections of tuo types of phyllopodium. Tn A the bundles me 
arranged separately, each having its own endotlernns, ei/., and jiericyole, p. 

Tn n they arc arranged in a ring in the meristele with a common endo- 
tlennis and pericyele. After Van Tioghem. 

larger convex lower face (fig. 772). Tho same regions can be 
distinguished as in the stem, viz. an epidermis, a cortex, and a 
certain amount of stelar tissue. 

The epidermis is similar to that of the stem : its cells are 
frequently prolonged into hairs ; generally stomata are present. 
The cortex is usually composed of elongated parenchymatous 
cells with numerous intercellular spaces. Chlorophyll grains 
arts presont in the external layers. The tissue is often found to 
contain hypodermal layers of collenchyma or sclerenchyma, 
which may be continuous with similar layers in the stem or 
may be peculiar to the petiole. 

In a few leaves, e.g. those of Hoya carnosa, the petiole 
contains a layer of cork throughout its length, a little below the 
epidermis. 
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If the stem is polystelic in its arrangement, the leaf may 
receive one or more complete steles from it. Each has then 
the same structure as that of the axial steles, possessing a peri* 
cycle and being surrounded by an endodermis continuous with 
those of the stem. If the stem is monostclic, each leaf contains 
one or more steles, usually called mcristeles, which by subsequent 
differentiation of the tissue of the periblem of the stem become 
united with the stele of the latter. The vascular bundles in 
each meristele may be surrounded by a general endodermis and 


Fio. 772. 



Fi{/. 772. Meaopodlum (petiole) of Fnmula with ft singlo meristele. ep. 
Epidermis, co. Cortex, at. Eudodermis. pt. Pericycle. ph. Fhloem. 
x. Xylem. 


pericycle ( fig. 771, b), or the meristele may be replaced in a 
schizostelic manner by a number of strands, each consisting of 
a single vascular bundle with endodermis and pericycle enclosing 
it (fig. 771, a). In either case the pericycle very frequently 
contains a good deal of sclerenchyma, forming strands behind 
or in front of the bundles. Barely schizostelie structure is found 
in the petiole of a polystelic stem, as in Auricula. 

We may find different modes of arrangement of the bundles 
in the meristele. In the first and most common case they do 
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not form a complete ring, but an arc not dosed towards the 
upper surface (Jiff. 772): hence is derived the term mrristele. 
The separate bundles have their bast towards the lower, and wood 
towards the upper, face of the petiole. They have uncommon 
endodermis and poricycle. In the second case there is a com¬ 
plete ring, but the bundles are much smaller-on its upper side 
(Jiff. 771, b). The orientation is then similar to that of the 
stem, the wood being nearest the centre of the circle, and its 
development centrifugal. 

When there are more meristeles than one in the phyllopodiuni, 
the central one is usually the largest. There are frequently 
three, the two lateral ones boing of small dimensions. 

The composition of the bundles is the same as that in the 
stem from which the leaf proceeds, being collateral, bicollateral, 
or concentric. 

In the petioles of Cyras the differentiation of the bundles is 
not the same as that of the stem bundles, the protoxylem of 
the former being internal but near the outer face, so that the 
development of the primary wood is mainly centripetal. 

Secondary thickening is very rare in the phyllopodiuni: it 
does occur, however, in a few families, owing to the persistence 
of a cambium layer in the usual position in tho bundles. The 
formation of secondary vascular tissue is but slight, and ceases 
when the leaf has reached its full size. Tt is less in the lamina 
than in the petiole. 

Tho bypopodinm in deciduous leaves is the seat of a meris- 
matic formation which leads to the separation of the leaf from the 
stem. A layer of colls extending completely across the phyllo- 
podium, usually exactly at the base of the leaf-stalk, divides 
several times so as to form a thin sheet of delicate thin-walled 
cells, and by the absorption of the middle layer of the sheet the 
two parts become separated and the loaf is cut off. 'The 
ruptured surface is found to be covered by a layer of cork. 

The Leaf-blade .—When the epipodium of the leaf remains 
unbranched, it is continuous in a straight line with the petiole 
if the latter is present. The central axis of the leaf-blade 
much resembles the petiole, but is rather more flattened. Its 
lateral margins are continued outwards as a winged expansion. 
Tho continuation of the petiole forwards constitutes the midrib, 
and, as might be expected, the structure of the two is essentially 
similar (compare Jiffs. 772 and 778). 

The epidermal and cortical tissues are continued onwards 
from the one to the other without any break, and if the petiole 
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contains bands of collenchyma or sclerenchyma these are found 
in the midrib also. The vascular bundles send out branches 
into the waif's, the distribution of which varies with the dimen* 
sions of the latter. 

If the epipodium is branched, the branches may remain 
distinct or their wings may bo fused together to a very variable 
extent. The secondary axes are generally distinguishable as 
ribs much like the midrib, and possess a similar structure. If 

the branching is cymose, 
there is no main midrib, 
but several spring from 
the junction of petiole 
and blade. As before, 
these have a structure 
very similar to that of 
the petiole. 

As the termination 
of the main axis or any 
of its branches is ap¬ 
proached, the axial 
character becomes less 
and less conspicuous, 
till it is indistinguish¬ 
able from that of the 
wings with which it is 
continuous. Where the 
fusion of the wings has 
taken place, the vas¬ 
cular bundles from the 
different axes frequently 
anastomose with each 
other, forming a com¬ 
plicated network in 
which the bundles ter¬ 
minate either separately or in the form of a mesliwork. 

The transition from the structure of the petiole is thus a 
gradual oue, the successive axes becoming more and more 
flattened till they lose altogether their cylindrical character. 
The epidermis is continuous over the whole surface, and is not 
much altered; the cortex peculiar to the axis becomes gradually 
replaced by that peculiar to the flattened wings; the vascular 
elements are gradually attenuated till only a few tracheids re¬ 
main conjoined with a limited amount of soft tissue, continuous 


Fio. 773. 
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with the bast. The endodermis of the steles or raeriRteles can 
often be traced forwards almost or quite to the termination of 
•the bundles. 

The character of the fibro- vascular bundles usually remains 
unchanged; in most Ferns, however, the originally concentric 
bundle loses the bast upon its upper face, and so becomes col¬ 
lateral. 

The leaf-blade so constructed shows an epidermis which is 
continuous with that of the petiole, and which extends over the 
whole of its surface. It is usually only one layer of cells thick ; 
the cells are somewhat brick-shaped on section, and have their 
outer walls generally cuticulariscd to a greater or joss extent. 
In thick coriaceous leaves the outer part of the cell-walk of the 
epidermis can often be stripped off in a continuous layer, known 


Fw. 774. 


Fio. 775. 




fill. 774. Vertical secti.m of the epidermis of l/i'lia carnosn treated with 
caustic potash, a. The detached cuticle, h. The jiart.ially ciitieularised 
layers of the outer walls of (he epidermal celH Alter Von Mold. - 
Fill- 775. Throe-layered epidermis of leaf of Ftcux eliiHim. 


as the cuticle (fit). 774). In some leaves the epidermal cells 
divide by walls parallel to the surface, and the epidermis 
becomes composed of several layers of cells (fin. 775). Viewed 
from the surface the epidermal cells are sometimes square or 
oblong, sometimes much sinuated in shape. Generally in the 
higher plants the cells of the epidermis contain little more than 
water; in some plants, especially in the Ferns, chloroplasts are 
present. 

In aquatic plants the external walls of the epidermal cells 
are not cuticulariscd. 

The epidermis in all tho higher plants is furnished with 
stomata, which arc variously disposed. In the loaves of soft 
herbaceous plants these openings arc present on both surfaces of 
the leaf; those of hard woody plants have them generally only 
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on the lower face; in submerged leaves there are none; in 
floating.leaves they are confined to the upper surface. 

In many leaves water stomata are present which remain* 
permanently open. In some, again, there are passages or craeks 
among tho cells, which can hardly be described as stomata. 
These irregular apertures, like the true water stomata, serve for 
the emission of drops of water. 

In some leaves, as in the Oleander (Nerium oleander) and 
Jlanlma, the stomata are seated in pit-like depressions on the 
under surface (fir/. 776). 

The colls of the epidermis when the latter is many-layered 
sometimes contain tho eystoliths already described (fir/. 776). 

Within the epidermis of the winged portions of the phyllo- 
podium is tho mesophyll of the leaf. This is variously arranged, 

giving two main types of struc¬ 
ture, known respectively as the 
dorsi-ventral and the iso-bila¬ 
teral: of these tho first is the 
commonest form (fit/. 111). It 
has derived its name from the 
fact that the tissue is of different 
character towards the upper and 
lower surfaces. Immediately 
under the upper epidermis the 
cells arc olnong, and are arranged 
with their longest diameter at 
right angleR to the surface of the 
leaf, constituting the so-called 

little iiepr(*sini)H on tlio unitor snr- palisade parenchyma. The cells 

face of tho leal, ami at who*** base . . , ' , . , , 

peculiar stomata me fotmil. After contain large numbers of ehloro- 

Hcl.lei'lcn. plastids or chlorophyll grains.. 

Sometimes there is only a single 
layer of those cells, but often there are several. The cells are 
arranged close together, and have relatively few intercellular 
spaces among them. 

The lower half of the mesophyll is made up of tho so-called 
spont/y parenchyma. The cells are of irregular shape, and are 
often arranged so as to be. in contact only at portions of their 
surfaces; the tissue is consequently much less dense, and largo 
intercellular spaces or lacunae are present: there is always a 
conspicuous lacuna under each stoma. 

The cells of the spongy parenchyma, like those of tho pali¬ 
sade tissue, contain chloroplasts; but these arc relatively less 


Fig. 770. 



Fig. 77C. Vortical section through 
the leaf of a liankxia. a , a. Epi¬ 
dermis. r. Spongiform parenehytnn 
/>. Hairs which art* contained m 
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numerous, causing the under side of dorsi-\entral leaves to 
appoar usually a lighter green than the upper side. Li Ferns 
the differentiation of the niesophyll into these two layers is 
very feebly marked. The vascular bundles are disposed beta era 
the two layers of the mesophyll. 

Fin. 777. . 
ep cu 


i 



st t.s. 

fill 777. Section of lenf-bliulo of llela ruhiarb. x 3(i0. rji. Kplilci mi-. 
cu. Cuticle, I'-pa. Palisade parenchyma. 0 . 6 . Vascular bundle, tlie xyleni 
be'iiiK uppermost. >jm. Spongy parenchyma. H. Stoma in the loner 
epidermis. U. Intercellular space communicating with stoma. 

In the iso-bilatoral type there are two layers of palisade 
parenchyma, one on each face. The spongy mesophyll is much 
less conspicuous, and occupies the space between them. These 
leaves are frequently supplied with bands of sclerenchyma, which 


















886 


MANUAL OP BOTANY 


extend from the epidermis inwards, often forming a thick sheath 
round the bundles, and reaching from one epidermis to the 
other. 

A third type of leaf is characteristic of most succulent plants. 
The phyUopodium is ofton cylindrical, and when flattened it can 
hardly be said to be' winged. This is known as the centric leaf. 
Its internal tissue is more or less homogeneous. The cells are 
usually elongated like those of palisade parenchyma, and havo 
between them narrow intercellular spaces. The chlorophyll is 


Fig. 778. 



Ftp. 778. Centric leaf of IHnu*. tp. Epidermis hy. Hypodcrma. en Kndo- 
dermis. r.6. Vascular bundle, r.d. Kesin-dnct. The mtJRophy 11 cells arc 
represented without cliluroplai-ts. 


most abundant in the outer layers. Frequently tannin sacs are 
present. Tho cells are all very turgid, from the presence of 
water. 

A particular form of the centric leaf is found in some of the 
Conifers. Itissomewhatawl-8haped,andinsectionappearsplano- 
convex (fig. 778). The epidermis is thick-walled and has stomata 
on all its surfaces, the guard-cells of the latter being usually de¬ 
pressed below the surface. The mesophyll contains a layer of 
sclerenchyma on its exterior, which at the margins of the leaf 
consists of a number of oells filling up the angle of the section. 
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The other cells of the mesophyll are sinuous in outline, slid theii; 
walls show curious projections of cellulose into the ^interior. 
They contain the chloroplasts. In the centre is a well-marked 
endodermis enclosing a many-layered pericycle and Usually two 
vascular bundles. These are exceptional in containing a layer 
of cambium between the wood and the bast. The pericycle is 
also peculiar: it contains a number of trachcids which abut 
upon the xylem, and serve to convoy water from the latter to 
the mesophyll of the leaf. They are spoken of as iranufvsion 
tissue. The phloem is in contact with a number of cells con¬ 
taining a somewhat dense protoplasm. Besides these a band 
of sclerenchymatous fibres is found at the back of the phloem. 
This transfusion tissue is a special mechanism which is needed 
in these leaves, as the ultimate ramifications of the vascular 
bundles are not in apposition with the cells containing the 
chloroplasts. 

The mesophyll of the leaves of the Conifers contains also a 
variable number of resin-ducts of similar structure to those of 
tlie stem. 

The vascular bundles of the leaf-blade, as we have seen, are 
the continuations of those of the axis of the phyllopodium. If 
the axis is mo.iostolic or polystclie, as the ramifications proceed 
the bundles ultimately become isolated, and the blade is there¬ 
fore nstelic or schizostelie. Outside tlie stoles or the separate 
bundles, traceable for a varying distance, is often a band of 
sclerenchyma or collenehyma, extending in the main ribs to the 
epidermis of the lower surface. As the bundles are traced 
further and further from the axis they get thinner and thinner, 
gradually losing the distinctive characters of their woody and 
bast elements. The woody part persists furthest, and ultimately 
consists only of a few tracheids. They end generally in plexuses, 
or with free terminations among tho mesophy ll parenchyma. In 
some cases a peculiar structure, known as a water-gland, lies in 
the mesophyll between the epidermis and the end of the bundle. 
These bodies consist of a mass of small cells with thin wails, 
usually covered by a sheath which is continuous with tho endo- 
*dermis of the bundle. The tracheids of the bundle terminate 
abruptly at the lower end of the gland. One or more water 
stomata pierce the epidermis over the latter. Sometimes a 
water-gland is found above a mass of tracheids formed by 
the fusion of several bundles. 

In certain leaves, especially the bud scales of the Conifers 
and those of the Horse-chestnut, there is usually a layer of cork 
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underlying the epidermis. The formation of cork is, however, 
very rark in leaves. 

The structure of the outer floral leaves differs but slightly 
from that ot the foliage leaves described. Bracts and sepals are 
only very little modified, the chief difference being the general 
absence of sclerenchyma. The upper as well as the lower epi¬ 
dermis, as a rule, contains stomata. When the sepals are fused 
to form a gamosepalous calyx, sometimes the fibro-vascular 
bundles of the separate leaves anastomose freely, sometimes 
they remain independent. 

The petals are generally more altered; the epidermis is 
often papillose and its cells filled with various colouring 
matters. There is no differentiation of the mesophyll into 
palisade and spongy parenchyma, and the vascular bundles are 
much reduced. 

The structure'of the sporophylls will be best discussed in the 
succeeding section. 
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Araxius embryo, 268 
Abortion in the flower, l: 
136 

A caulescent plants, 79 
Accessory buds, 35 
Accrescent, 155 
Acerosc leaves, 71 
Acbajiiium, 242 
Acliene, 242 
Acblamydeons, 137 
Acicnlar leaves, 75 

— - raphides, 294 
Acropctal exjianmoii 

flowers, 108 

Acropctal succession, 19 
Actinomorplnc, 131 
Acuminate, 70 
Acute, 70 

Acyclic flowers, 145 
Adherent cal) 152 

— ovary, 192* 

Adhesion, 142 

Ad nate withers, 171 
Adventitious buds, 34 

— roots. 19 

-origin of, 376 

Aerial bulbs, 49 
Aestivation, 2U3 

— circular, 204 

— cochlear, 205 

— contorted, 205 

— convolute, 205 

— corrugated, 204 

— crumpled, 204 

— imbricated, 204, 205 

— induplicate, 204 

— (juiucuncial, 205 
~ reduplicate, 204 

— spiral, 205 

— valvate, 204 

— vexillary, 205 
Aggregated fruits, 242, 255 
Alse, 158 

Albumen, 263 
Albuminous, 263 
Alburnum, 355 
Aleurone grains, 292 
Alternate leaves, 80 
Alternation of generations,! 1 


Ambisporangiute, 165 
32, 1 Amentaceous plants, 110 
Amentiferous plants, 110 
Amentum, 109 
Amino-acids, 296 
Ampbi«arca, 247 
Amphitropous, 210, 269 
Amplevicaul, 53 
Aim loplast, 289 
, Anastomosis : the union of 
originally separate bands 
or strands to form a nct- 
of work. 

Anatomy, 2 
Aimtropous, 210, 258 
Andnecium, 128,166 
Androphore, 178 
Angular divergence of 
leaves, 81 

Annual herbs, 20, 3.8 
— leaves. 61 
1 — rings, 354 
Annular vessels, 312 
Annulatcd roots, 23 
! AntcpoBition, 139 
Anthela, 108 
Anther, 128,189 
Antheridia, 222 
Antlierozoids, 220 
An thesis, 206 

i Anthocariious fruits, 242, 

| 265 

Anthodium, 115 j 

Anticlinal, 304 
Antidromy: a term used to 
indicate a condition of ( 
j spiral phyllotaxis, such 
I that the genetic spiral < 
changes its direction after 
completing each cycle, 
126 

Antitropous 212, 269 
Apetalous, 136, 155 
Apical cell, 305, 368, 875 | 

~ style, 199 

Apocarpous, 140, 186, 282 
Appendiculate, 167,172,173 
Aquatic roots, 13 
Aqueous tissue, 319 ! 


Archetronia, 216, 22i, 
Arclucarp, 225 
A rilhxle, 261 
Arillus or aril, 260 

— chalazal, 2 G 1 

; — micropylnr, 261 

— rapl nan, 261 

— true, 261 
Articulated, 27 
Ascending, 37, 107 
Ascidia, 89 
A'sparagin, 295 
Astely, 337 
Asymmetrical. 131 

1 Atropous, 210 
A ugmentation, 133 
Aunculate, 63, 73 
Axil of leaf : the angle 
i Ixjtwcen the stem and the 
leaf base, 27,51 
i A\ile placcntation, 195 
l Axillary, 61 
■ — flower, 118 


Dacca, 247 
Dalansta, 249 
Bark, 356 
— of root, 374 
Basal wall, 12 
Basi fixed, 171 
Basilar style, 199 
Basipetal, 52 
Bast, 339 
Berry, 247 

Bicollateral bundles, 342 
Bicrcnate, 68 
Biennial herbs, 21, 38 
Bifoliate, 76 
Bilabiate, 162,159 
Binary, 130 
Bin Ate, 76 
Bipin nate, 76 
Bipinnatifld, 61 
Bipinnatipartite, €1 
Bipinnatisected, 61 
Biserrate, 67 
Bisexual, 105 
Bloom of fruits, 286 
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BorderedVits, 282 
BotryoseJkacemose, 107 
Boughs, 3(\ 

Bract, 00 
Bracteate, 100 
Bractoolc8, 99 1 
Bractlets, 99 
Brandies, 30 

— of root, 1H 

Branching, 30 
Bud, 28 * 

Budding, 93 

— of yeast, 300 
Bull), 46 
Bulbil, 49 
Biilblet, 19 
Bush, 38 


Caiujcous, 51,154,1C5 
Culearate, 162 1 

Oalceolate, 160 
Callus, 356 

— of sieve tube, 313 
Calyptrate, 155 
Calyx, 128, 150 
Cambium, 339, 346 

— in leaves, 381, 387 
O.impauulutc, 152, 158 
C.nnpylotropous, 211 
Cane sugar. 295 
Capitate stigma, 203 
Capitulum, 115 
Capsule, 251 

— of moss, 95 
Carbohydrates, 278 
('areerule, 246 
Caruia, 158 
Carpels, 97,128, 183 
Carpophore, 146, 200, 216 
Caruncle, 261 

Curyophyllacoons corolla, 
157 

Curyopsis, 243 
Cataphyllary leaves, 28,93 
Catkiu, 109 
Caudex, 38 
Caudiele, 182 
Cauhne bundles, 344 

— leaves, 79 
Caulia, 38 
Cell-division, 297 
Cell-sap, 274,286 
Cell-wall, 278 
Cellular plants, 5 
C'Ollnlose, 278 
Centrifugal, 117 
Centripetal, 107,117 
Centrosome, 277 
Ceutrosphore, 276 
Chalaza, 209 
Chalazal arillug, 261 
Chlorophyll, 276 
Chloroplasts, 276 
Chorisis, 133,134 
Chromatin, 276 
CUromoplasts, 277 
Chromosomes, 298 


Cilia, 278 
Oircinate, 86 
Circular activation, 204 
Circulation, 276 
Circumscissile dehiscence, 
240 

Cirrhus, 43 
Cladodcs, 42 
Olftvatc, 167 
Claw, 130, 155 
Climbing plants, 37 
Closed bundles, 341 
Cloves, 48 
Cocci, 247 

Cochlear activation, 205 
Ciriiiuithium, 115 
Goenoeyte, 272 
Cogged thickening m endo- 
ilermis, 330,370 
Coliesion, 139 
Collateral bundles, 340 

— ovules, 214 
Collecting hairs, 201, 325 
Collenchyuui, 308 
Columella (of fruit), 235 
Coma, 259 
Commissure, 216 
Coinmou bundles, 344, 857 
Comose, 269 
Companion cells, 313 
Compound corymb, 112 

— leaf, 59 

— raceme, 111 
-— spadix, 112 

— spike, 112 

Concentric bundles 340, 349 
Conoeptacles of Fuats, 226 
Conocptrtculum, 250 
Com luplicate, 86 
Coue, 127,144, 253 
Conglomerate raphides, 294 
Conical calyx, 152 

— leaves, 76 
Conjoint bundles, 340 
Conjugation, 204, 303 
Connate, 63 
Connective, 169 
Contorted wstivatiou, 205 
Contractile vacuole, 278 
Convolute, 86, 205 
Cordate leaves, 73 
Cork, 331 

— in cryptogams, 333 

— in leaves, 332, 388 
Conn, 49 

— of Cyclamen , 50 
Cormophjtes, 12 
Corolla, 128,155 
Corona, 129,164 
Corrugated restivatiou, 204 
Cortex, 328 

Corymb, 108 
Cotyledons, 16, 78, 264 
Creeping stem, 45 
Cremocarp, 240 
Crenate, 68 
Orenulated, 68 
Crisped, 08 


Cruciate corolla, 157 
Cruciform corolla, 157 
Crumpled lesfcivation, 201 
Crystalloid, 293 
Culm, 38 
Cuneate, '2 
Cupule, 100, 245 
Curled, 68 
Curve-veined, 67 
Curviserial, 84 
Cushion of fern prothallus, 
226 

Cuspidate, 70 
Cuticle, 320 
| Cutin, 284 
Cylindrical leaves, 75 
Cymose, 32,104 
j — umbel, 120 
I Oynarrhodon, 255 
Cypsela, 244 
C\ ntocarp, 229 
Cystolith, 284 
Cytoplasm, 276 


I Dk<’I 1>UOCT, 51,100, 155 
| Dcelinate, 167 
Decompound leaves, 62, 76 
Decumbent, 37 
Dee ur rent, 51 
• - leaf, 57 

Decussate leaves, 79 
j Deduplication, 133,134 
\ Deferred brandies, 30 
1 Definite inflorescence, 104, 

' 116 

Degeneration, 138 
1 Dehiscence of anther, 173 
' — of fruit, 235 

— eireumseissile, 240 

— loculicidul, 237 

— porous, 241 

— septieidal, 236 

— septifragal, 237 

— sutural, 236 

— transverse, 240 

— valvular, 235 

, Deliquescent, 39 
Dentate, 68 
1 Dernmtogen, 319 
I Dermatosomes, 279 
Determinate inflorescence, 
104, 116 
Dextrin, 291 
Diachtenium, 246 
Diadelphou*, 177 
Dialypetalous, 156 
Dialysepalous, 150 
Dlalystely, 307 
Diaudrous, 175 
Diarcli root, 372 
Diastase, 292 

Diaater stage in division of 
nucleus, 299 
Dichasinm, 31,118 
Dichotomous branching, 30 
Dichotomy, 31 
Dicliuous, 165 
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Dicotyledonous embryo, 266 
Didynnmous, 179 
Differentiation of bundles, 
J44 

— of sex in Alga?, 219 
Digitaliform corolla, 162 
Digitate, 69 
Digynous, 186 
Dimensions of cells, 295 

— of vessels, 311, 312 
Dimerous, 130 
Dimorphic flowers, 179 
Dioecious, 165 
Diplostemonoue, 133, 175 
Diplotegia, 253 

Disc, 147 

Disc-bearing wood-cells, 282 
Displacement of parts in the 
flower, 139 
Dissected leaf, 60 
Dissepiment, 189 

— spurious, 189, 230 
Distichous, 81 

Distribution of stomata, 324, 
383 

Divergence of leaves, 80 
Dormant buds, 30 
Dorsal suture, 185 
Dorsiflxed, 171 
Double flowers, 145 
Drepaninin, 122 
Drupe, 243 
Drupel, 244 
Duplicato-dontate, 68 
Duratneu, 355 


Eukactkatk, loo 
Eccentric embryo, 268 
Ectoplasm, 275 
Eleutheropetalous, 140 
Eleutberosepalous, 140 
Elliptical, 72 
Emarginate, 70 
Embryo, 14,228, 204 

— sac, 13,95, 207 
Embryotegia, 260 
Emergences, 325, 349 
Endoearp, 234 
Endodemus, 330, 349 
Endogenous buds on roots, 

377 

Endopleura, 260 
Endosperm, 217,263 
Endostomc, 209 
Enmform leaves, 76 
Enzymes, 287 
Epibasal, 12 
Epiblema, 320 
Epicalyx, 100,141, 154 
Epicarp, 234 
Epiootyl, 17 
Epidermis, 319 
Epigynous, 142,175 
Epipetalous, 144,175 
Epiphytes, 23 
Epipodium, 52, 57 

— structure of, 384 


I Episiierm, 258 
Equal leaves, 71 
Equatorial plate, 298 
Equitant leaves, 90 
| — vernation, 88 
1 Etajrio, 244, 254 
| Ethereal oils, 293 
I Evergreen, 51 
J Ex albuminous seeds, 263 
' Kxcurrent, 39 
j Exocarp, 233 
Exodermis, 328 
| Exoat omo, 209 
i Exsertr d stamens, 178 
Extine, 180 

! Extra-axillary, 36,51,107 
Extra-stelar ground tissue, 
| 328 

Extrorse, 170 
Eye spot, 278 
Eyes (of tulier), 46 


( Fai.se dicbotomy, 118 
i Faseinted branciies, 36 
I Fascicle, 80,120 
Fascicled leaves, 80 
Fasciculated roots, 22 
Fascicular cambium, 346 
Pat?, 2S>3 

Feather-veined, 65 
I Ferments, 287 
I Fertilisation, 214, 303 
I riluvs, 6, 309, 310 
| Fibrous drupe, 245 
I Filament, 166 
| Fimbriated, 156 
i Fission, 93 
, Flagella, 277 
Flower. 13, 97,126 
| — of Equisetum, 127 
i Flowerless plants, 8 
j Follicle, 249 
Formation of cells, 298 
Free cell formation, 300 
I Free central plaeentation, 
I 196 
Fronds, 8 
I Fruit, 229 

| Fruits, aggregated, 255 
, | — spurious, 254 
— true, 242 
Fugacious, 61,164 
Fungus cellulose, 286 
Funiculus, 208 
Fusiform root, 21 


Galbuj-fs, 254 
Galeate, 154 
Garnetangin, 222 
Gametes : sexual reproduc¬ 
tive cells, 10, 92, 218 
Gametophyte: the plant- 
body which bears the 
sexual reproductive cell8, 
. 10, 92, 214 

j Gamodeamic, 387, 3i8 


flamopetalous, 15J 
Gainophyllous, l j 
Gamosepalous, If 
(lamostely, 368 
Gemma?, 93 
(lemmation^BOO 
General involucre, 101 
Genetic spiral: the spiral 
, line that can, in cases of 
’ altomato phyllotaxls, bo 
drawn round* a stem so 
as to pass in succession 
through the bases of the 
leaves m the order of their 
development, 81 
Geniculate, 168 
Gibbous, 154,162 
Glandular tissue, 317 
(Hans, 244 
Globoid, 293 
Globose, 152 
Glornerule, 121 
Glumes, 104, 111 
Gonidnngiu: the organs in 
or on which gonidia i 
developed, 94 

Gonidia: the asexual repro 
duetive cells borne upon 
a gametophyte, 10, 92 
Granulose, 291 
Grajie sugar, 295 
Growing points, 305 
I Guard cells of stomata, 322 
Gum, 285 
— (British), 291 
I Gymvomiu, 128,183 
! Oynandrous, 176 
j Gy nobase, 200 
' Gynobasio ovary, 200 
I Gynophore, 146,147, 192 
I Gyuostemiuui, 176 


Hairs, 324 
Hastate, 73 

Haustoria: the organs by 
which parasites absorb 
nourishment from their 
host-plant, 24, 376 
i Head, 115 

I Heart-wood, 355 

j Helicoid cyme, 122 
- dichotomy, 32 
— sympoflium, 33 
Hemicyclic, 145 
Herb, 38 

Hermaphrodite, 165 
Hesperidium, 248 
Heterodromous, 84 
Heterogomous, 219 
Hoteromerous, 130 
Heterophyllous: bearing 

foliage leaves of different 
shapes on different parts 

I I of the plant, 74 

, 1 Hetoroeporous, 95 
HeteroBpory, 95 
Heterotropous, 210 
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Hilum, 2ll. 259 
Histogcnicfi layers.* the 
separate pierisma tic layers 
in a stratified growing 
point, 34 8, 359, 370 
Histology, 2 * 

Hoinodromons, 8t 
Homosporous, 95 
Homotropona, 269 
Hypantlio<lium, 115 
Jlypluc, 309 
Hyphal tissue, 309 
Hypobasal, 12 
Hypocotyl, 17, 266 

— course of bundles in, 37G 
Hypoenitortform, 158 
lljiwderma, 309, 328 

H> pogynous, 142,175 
Hypopodium, 53 
Hypsophyll. 99 

IMBMCATK, 87 1 

— {estivation, 205 

Tniparipimmte, 69 i 

Imperfect, flower, 137 1 

Included stamens, 178 i 

Incomplete tlower, 131 i 

Indefinite inflorescence, 104 
Indeterminate inflorescence,. 

101 

Induplicnte, H8 
Indusium, 96 

— in duprcsainca?, 96, 169 
Inferior calyx, 142, 192 

— ovary, 153,192 
Inflorescence, 13, 97, 98 
Infra-axillary, 51 
Tnfmidibuhform, 158 
Innate, 171 

Insertion : the point at 
which the leaf ia attached 
to tlie stem, 78 
Tntegumentum externum, 
209 

— mtcrnmn, 209 

— simplex, 209 
Intercellular space system, 

306 

Interfascicular cambium, 
351 

Iuternodes, 27, 51 
Iutine, 180 

Intrastelar ground-tissue, 
333 

Introrse, 170 
Tnuliu, 295 
Involucel, 101,113 
Involucre, 101,113 
Involute, 87 
Irregular flowera, 131 
Isognuious, 218 
Isouierous, 129 
Isostemonous, 133, 175 


Kaiwokinesis, 297 
Keel, 158 
Kernel, 202 


Labiate 152 | 

Lamina, 52 
Lanceolate leaves, 71 
Lateral branching, 30 

— roots, origin of, 374 

— style, 199 
Latex. 315 

Laticiferous tissue, 315 

— vessels, 316 
Layering, 41 
Leaf-base, 52 

— blade, 57 

-structure of, 383 

— centric, 386 

— dorsi-ventral, 383 

— fall of, 381 
insertion of, 78 

— iso-bilateral, 385 

— spines, 88 

— tendrils, 89 

trace bundles, 330, 357 j 
Leaflets, 59 

Leaves of Eucalyptus, 51 
Legume. 250 
Lenticel, 333 
Leucin, 295 
Leueoplasts, 277 
Lianas, 38 
Lignin, 281 
Ligulate, 160 
Ligule, 56,129 
Limb, 128, 155 
Linear leaves, 71 
Lipped, 152 
Lobes, 60 
Loeulieidal, 237 
Loculus, each cavity in the 
anther or the ovary, 189 I 
Locusta, 110 

Lomeiitaocous siliqua, 252 j 
Lomeutum, 261 
Lunate, 73 
Lyrate, 68 
Lysigenous, 317 


Macruihujous embryo, 205 
Maorosjaires, 95 
Maltose, 295 

Marceneeut: a term applied 
to a culyx or corolla wlileli j 
persists in the flower in u 
withered condition after i 
fertilisation, 155,165 i 
Marginal placentatum, 194 
Masked, 160 

Median prolification, 146 
Medullary sheath, 351 
— rays, 335 

-secondary, 351 

Megosporangium, 96,185 
Megaspore, 11, 95, 207 
Merioarp, 246 
Merlamatic tissue, 304 
Meristeles: tlie separate steles 
of a leaf which become 
continuous with the main 
stele of the stem when the 


latter is moimtclic, 336* 
378, 380 
Meristem, 304 
Mesocarp, 234 ^ 

Mesophyll, the internal 
parenchyma of the leaf, 
384 

Mesnpodium, 52, 56 
Metabolism : the chemical 
changes connected with 
the life of the protoplasm, 
275 

Metamorphosis, 145 
Micellae, 278 
Micropylar arillus, 261 
Micropyle, 207, 269 
Microsporangium, 96,166 
Mierospores, 11,95 
Middle lamella, *284 
Midrib of leaf, structure of, 
381 

Mixed inflorescences, 123 

— panicle, 125 
Monadelphous, 176 
Monandrous, 175 
Moniliforui root, 23 
Monoehlarnvdoous, 155 
Monoeotyledonous embryo, 

264 

— stein, mode of growth of, 
362 

MoiuncioiiH, 165 
Monogynons, 186 
Monopodia!, 32,104 
Monopodiura, 32 
Monostele : a term applie 
to the stole of the a\i 
when there is only 
which Is the direct < 
tinuution of the plcrom 
336 

Monostelic, 336 
Monothalamic fruits, 256 
Morphology, l 
Mucilage, 284 
Mueronate, 70 
Multi foliate loaves, 78 
Multiple corolla, 163 
Muriform parenchyma, 3U7 


NAni'oitM root, 21 
Nectaries, 129,145, 317 
Nodes, 27, 51 
Nucellus, 207 
— naked, 208 
Nuclear spindle, 298 
Nuclein, 276 
Nucleolus, 276 
Nucleoplasm, 276 
Nucleus, 274, 276 
Nuculauium, 243 
Nut, 244 


OneouDATis:, 73 
Obdiplostemony. 133 
Oblique leaves, 71 
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•blong, 72 

Obovatc, K | 

Obsolete, 153 
Obtuse, 70 
sib volute, 88 
Oclirea, 54 
Offset, 41 
Oils, 293 
Oogonium, 222 
Oosphere, 14, 222 
Oospore, 10,12, 222 
Open bundles, 342 
Operoulate, 155, 181, 241 
Operculum, 241 
Opposite leaves, 79, 84 
Orientation : the position of 
the wood and bast ol a 
vascular bundle with rela¬ 
tion to the centre of the 
stele in which it occurs, 
340 

Origin of placenta, 196 
Orthobtieliies: the vertical 
lines that can be drawn 
down the stem, passing 
through the bases ot 
several leaves, 81 
Orthotropous, 210, 258 
Ovary, 8, 97, 129,185, 191 
Ovate, 72 
Ovule. 13, 97, 207 

Pal vi h, 160 
Palea\ 111 

— of receptacle, 103 1 

Pales, 111 . 

Palisade tissue, 384 
Palmate, 59, 62 
Palmated, 22 
Palmately veined, 65 
Palmatifid, 62, G9 
Palmatisccted, 62 
Panduriforni, 69 
Panicle, 111 
Pamcled corymb, 112 
Papilionaceous corolla, 157, 
206 

Papilla*, 326 

Papillose: having the, 

external cells projecting 1 
slightly above the surface, 
388 

Pappose, 163 

Pappus, 138, 163 ; 

Parallel-veined, 64, 66 

— venation, 66 

Parapliyses, 226 I 

Parasites, 24 1 

Parenchyma, 30C 
Parenchymatous, 6 
Parietal placentation, 199 
Pari pinnate, 59 

Partial involucre, 101, 113 

— umbel, 113 
Partitions of leaf, 00 
Passage cell : thin-walled 

cells occurring in a thick- 
walled endodemus, 370 


Teetie acid, 284 
Pectin, 284 
Pectinate, 68 
Pectose-, 278, 284 
Pedate, 62, 69 
I’edatipartitc, 62 
Pedicel, 105 
Peduncle, 105 
Pelona, 162 
Pelorie flower, 145 
Peltate, 62 
Pentagonal, 131 
Pentasti ehous, 81 
Tepo, 247 

Perennial, 21, 22, 38 
Perfoliate, 63 
Perianth, 97,128 
Penblem, 319 
Pericarp, 233 
Perichfetium, 226 
Periclinnl, 304 
Peri cycle, 333 
Periderm, 331 
Perigynous, 142,175 
rerijiWrieal embryo, 268 
Pens]term, 263 
Permanent tissue, 304 
Persistent, 51,156 
Personate, 160 
Petaloid, 128 
Petals, 128,155 

— structure of, 388 
Petiole, 62, 56 

— ol t’yeas, 381 

— structure of, 379 
Phalanx: a term applied to a 

number of stamens con¬ 
nected together by their 
filaments, 136 
Phellodcnn, 331 
Phellogcn, 331 
l’hlocm, 339 
Phragnuta, 190 
Pliv Hanes, 101 
Phylloclade, 42 
Phyllode, 57 
Phyllopodiuni, 52 
Pliyllotaxis, 79 
Physiology, 2 

Piliferous layer of root, 320, 
370 

Puma*, 68 

ruinate, 59 

Pmnately veined, 65 

Pinnules, 76 

Pistil, 128,18 5 

Pistillate flower, 97, 137,165 

Pitchers, 89 

Pith, 342 

Placenta, 129,186,194 

— origin of, 19(5 
Plaoentation, 194 
Plane of symmetry, 131 
Plastids, 274, 277 
Plerome, 319 
Plicate, 86 

Plumule, 16, 264 
Pod, 260 


Pollen grains, ltij 

-size of, 18 

] — sacs, 166 
! — tube, 11 

Polliuia, 182 
i Pollinodiu^, 222 
| Polyadelphous, 178 
Polyareli root, 372 
, Polyehasium, 31,119 
’ Poly cotyledonous cm bryo, 
270 

Polyembryony, 228 
Polygamous, 165 
Polymorphy, 9 
j Polypetalous, 166 
| Polypodial, 81 
Pol’ysopaloup, 140, 150 
j Polystelie, 33" 

I’olythalamic fruits, 256 
Pome. 255 

■ Potential gametophyto, 216 
. Pnefloration, 88, 203 

Pnemorse, 15, 70 

■ Prickles, 325, 319 
Primary a\i«, 104 

< —■ meris-tein, 301 
1 — mot, 18 
' — wood. 311 
nine, 208 
nordial utr 
lisinatic leaves, i 
Proccimbium, 336 
Procarp, 226 
Proenmiicnt, 37 
Prosenehyma, 309 
Prosencliymatous, 6 
Prostrate, 37 
Proteids 292 
Prothallus, 10 
rrotophloem, 345 
Protoplusm, 8, 271 
Protoplasts, 272 
riotoxylem, 314 
Protruding stamens, 178 
Pscud-axis, 31 
Pseudo-bulb, 36, 47 
Pscudocnrps, 232 
P-eudo-parenchymn, 309 
Pulvinus, 63 
, Putumen, 244 
Pyramidal leaves, 76 
Pyxis, 252 


QrADHIXATE, 77 
Quaternary, 131 
Quinary, 131 
Quiiiate, 77 

Quincnncial motivation, 206 


j ltA« KMEs, 108 
Racemose, 32, 104, 107 
ltachis, 105 

Railially arranged bundles, 
343 

Radiant flowers, 15H 
| Radical leaves, 78 
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Radical pe«incle, 108 
Radicle, 16,|66 
Ramal, 79 \ 

Raraenta, 32t> 

Baplie, 210 1 . 

Raphlau ariUua,f61 
Raphides, 293 
Reactions of cellulose, 284 

-cufctn, 285 

-lignin, 284 

-mucilage, 285 

— starch, 291 
Receptacle, 106,146 
Rocliuate ovule, 213 

— vernation, 86 
Recti serial, 84 
Iteduplioate aestivation, 204 
Regma, 247 

Regular flower, 131 
Rejuvenescence, 302 
Rem form, 73 
Replurn, 190, 239, 252 
Reserve materials, 287 
Resins, 293 

Reticulated venation, 64 
Retinacula, 182 
ltetroscrrate, 67 
Retu»e, 70 

Reversed raceme, 124 
Revolute, 87 
Rhipidiuiii, 123 
Rhizome, 44 
Ribbed venation, 65 
Ringed bark, 356 
Ringent, 160 
Root. 11 

— branching of, 374 

— cap,18 

— hairs, is, 325 

— parasites, 25 

-- structure of, 13 
Root', of parasites, 24 
Rootstock, 44 
Rosaceous corolla, 157 
RosteUum, 183 
Rotate, 158 
Rotation, 276 
Ruminated albumen, 264 
Runemate, 69 
Runner, 40 


Saivatk, 154. 162 
Sagittate, 7.5 
Sal ver-sha pod, 15K 
Samara, 246 
Saprophyte*. 26 
Sapwood, 356 
Sarcocarp, 233 
Scale Imrk, 356 
Scales, 28, 129, 325 
Scaly, 28 

— bulb?, 48 

— leaves, 90 
Scape, 106 
Sohlzocarp, 245 
Kchizogenous, 317 
Sohlzostely, 337 


| Schweizer’s reagent, 284 
Sclerenchyma, 308 
Soorpioid cyme, 122 

— dichotomy, 32 

— syinpoilium, 33 
Scutellum, 265 

1 Secondary meristem, 331 
1 — roots, 18 
j Socundine, 208 
Seeds, 8, 11, M, 257 
Semi-amplevicaul, 53 
Sepaloid, 128 
Sepals, 128, 149 

— structure of, 3H8 
Septicidal, 236 
Septifragai, 237 
Serrate, 67 
Serrulute, 68 
Sessile, 56 
Shoot, 11 

i Shrubs, 38 
, Sieve plate. 3T1-I 

— tissue. 3lu, 313 

— tubes, 6, 313, 353 
Silieula, 252 

, Slliqua, 252 
( Simple leaven, 60 
Smuatcd, 68 
■ Size of cells, 295 
Sliding growth, 352 
Solitary terminal flower. 116 
1 Sored in, 93 
1 Sorosis, 255 
Sorus, 96 
Spadix,llu 

Spathaceou-) tract', lob 
Spathe, 102 
Spathellfe, 102 
Spatliulate, 72 
Special mother-oelU. 3U0 
Spermatiu, 220 
Sphierapludes, 294 
Spike, 1U9 
Spikelet, llo 
Spines, 13, 68 
Spinous leaves, 88 
Spiral phyllotaxK 144 

-in Angiosperms, 144 

Spongy paretichj ma, 384 
Sporangium, 4,13, 94,95 
Spores: the asexual repro¬ 
ductive cells lwrne upon 
the sporophyte, 9, 91 
Sporogonium : the part of 
! the moss aud the liver¬ 
wort iu which the si»ores 
are developed. It is. the 
sporophyte of the plant, 
95 

Sporophore, 97 
Sporophy 11s 13, 96. 127, 166 
Sporophyte: the plaut-liody 
wldch produces spores, id, 

92 


I Spuriou* fruits, 232, 242 
Spurred calyx, 154 

— corolla, 162 
Squam®, 101 

Stamens, 07, 128, 166 • 

Staminate flower. 97, 137, 
165 

Stamiuodes, 129, 139,166 
Standard, 158 
Starch, 288 

— cellulose, 291 

— grains, 288 
Stele, 319,336 
Stem, 12 

— gamostehc, 337 

— monostelic, 336, 348 

— polystelic, 337, 367 

— schizostelie, 337, 364 

— structure of, 34H 
Stereomc, 328 
Stigma, 129, 185, 202 
Sting, 327 

Stipe, 38 
StipeN, 63 
Stlpitate ovary, 192 

— pappus, 153 
Stipules, 53 
Stolon. 41 
Stomata, 322 

— distribution of, 321 
Stone-fruit. 244 
Stone of fruit, 214 
Stratified cell-wall, 281 
Striated cell-wall, 281 
Strobile, 111 
Strophiolca, 261 
Style, 129, 185, 199 
Stylojiodium, 149 
Subtend : a leaf is said to 

1 sulitend the brunch w hich 
arise' in its axil, 122 
i Subulate leaf, 71 
Sucker, 41 

Suiterfloial placentation, 196 
Sui»erior calyx, 152,192 

— ovary, 142, 153, 192 
Supervolute, 88 
Suppression in the flower, 

136 

Supra-axillary, 51 
Suspensor, 228 
Sutural, 236 
Sutures, 169,185 

— of fruit, 234 
■ Byconus, 256 

Symmetrical, 131 
| Symmetry of flower, 129 
Sympodial cyme, 121 , 

I Symi>odium, 31, 122 
| Synangium, 207 
i Syncarpous, 140, 186. 232 
| Syngenesious, 176 


Sporophyte of Algse, 215 Tai'-koot, 18 
Spur, 154 Taxonomv, 2 

Spurious dissepiments. 189, Tegmcn, 260 
23b , Tegmenta, 29, 51 
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Tela contexts, 308 
Tendrils, 43 m 

Terminal axis, 104 

— inflorescence. 117 
Ternary, 130 
Ternate, 77 
Tertiary roots. 19 
Testa, 259 
TetmdyiminoU'. 179 
Tetragonal, 131 
Tetrauierous, 130 
Tetrarch root, 372 
Thalamus, 106,146 
Tliulloid shoots, 11, 12 
Thallome, 1 
Tlmlliis, 4, 15 
Thorn, 42 
Thylosee, 311 
Thyrsus, 125 
Tigellum, 16, 261 
IV-me, epidermal, 318, 319 

— - til »ro-vascular, 31H, 336 

— f inulameutal, 318, 327 

— ground, 318, 327 

— *\ stems. 318 

— tegumentary, 318 
Tissues, 304 
Tonis 146 

— ot bordered pit, 28S 
Trachea-, 31 n 
Tiacheal tissue. 309 
Tracheal-., 3u9. 310 
Transfusion tissue, 387 
Transverse dehiscence, 240 
Trees. 38 
Tnadelphous, 178 
Tnareh root, 372 
Tnehogyue. 225 
TrWiomes, 321 
Trigonal, 13n 
Trlmerouft, 130 
Tripmnate, 76 
Tristichous, 81 

True arillU'. 260 


Trumpet bypbw, 314 
Truncate, 70 
Trunk, 38 
Tryma, 249 
Tuber, 46 
Tubular, 152,158 
Tunicated bulb, 48 
Twigs, 30 
Tw ining stems, 37 
Tw isted vernation, 87 
Typical flower, 132 


Umiii l, 112,120 
Umlwllules, 113 
Under*hrul>. 38 
Undulated. 68 
Unguicnlate, 155 
Unguis, 155 
Uni jugate, 76 
Unilateral raceme, 126 
Unlunng, 133 
Urceolate. 152. 158 
Utncle, 243 
Utnculnr xest-els, 315 


Vessels, retieulajfc, 312 

— sealariform, VS 

— spiral, 311 f 
-dimension* of, 312 

! Vexillary aestivation, S05 
' Vexilluui, 1#8 

I WAs'i K products, 287 
I Water-gland, 387 
1 W r a\y, 68 

Wax in cell-wall, 286, 320 
Weeping stems, 39 
Wheel-shai>ed, 158 
Whorl: a number of leaves 
arising on a stem at tin* 
same node, 79 
WUorleil leave*, 79,84 
, W r ing" of leguminous i OiolU. 
158 

Wood 339 


X* i.liM, 339 
— centripetal, 372 


^ Af ror,i.". 274 
Vulva te, 87 

— estivation, 204 
Valves of fruit, 235 
Valvulai dehiscence. 235 
Vascular bundles, 319. 336 

plants. 5 

— tissue, 309 
Venation, 63 
Ventral !-uture, 185 
Vernation. 86 
Versatile anthers, J 71 
Yertlcillastcr, 120 
Vessel, 6. 309 
VeaseK annular. 312 

— dotted. 310 

— pitted. 310 


. ZnorthVnnTK: a reproduc* 
tive body counting of a 
colony or aggregation of 
naked cells or protoplast*, 
furnished with a iiumbei 
of cilia, two to each cell of 
the colony. I toccurs only 
among the Siphonea*, a 
division of the Algre, 278 
Zoogonidia, 271 
Zoospore, 95, 271 
Zygomorphic, 131 
Zygo?pore, 219, 303 
Zygote : the ceil wliich i-> 
I ‘produced by the fusion or 
union of two sexual cells 
or gametes, 10. 92, 211, 
219. 222, 303 
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PREFACE 

TO 

THE THIRD EDITION 

This edition is practically the same as the last one. The 
only change I have made is to use a smaller type for 
th> less important matter, particularly the details of the 
classification of the different forms of the parts 'of the 
flower and fruit. 

J. REYNOLDS GREEN. 


Cambi-.iijoe : January 1904 . 



PREFACE 

TO 

THE SECOND EDITION 


In preparing this edition for the press but few changes 
have been made. The chapters on morphology have been 
revised and in some parts compressed. The section on the 
inflorescence has been rewritten and that on the sexual 
reproductive organs has been rearranged in view of two 
years’ experience in teaching my classes at Bloomsbury 
Square, since the adoption of this manual as the text¬ 
book there. 

Book II. remains practically the same as in the first 
edition. * 

J. REYNOLDS GREEN. 

Cambridge ; May 1897. 



TKEFACE 

THE FIR 8 T EDITION 


This Manual is intended to take the place of the ‘ Manual 
of Botany ’ written by the late Professor Bentley. In¬ 
deed, it was originally contemplated that it should appear 
as the sixth edition of that work. The chapters on Mor¬ 
phology have been altered only so far as has been necessary 
in order to incorporate in them the modifications of the older 
views, which are based upon recent scientific investigations. 

While the preparation of this section was in progress 
the death of Professor Bentley led to considerable 
alterations in the mode of treatment of the remainder of 
the book. The subject of the anatomy of plants has been 
separated from that of morphology and made a separate 
section. This has been almost entirely rewritten and 
enlarged,” and numerous figures have been added. Many 
of these are original; others have been borrowed from the 
writings of contemporary authors. 

The old volume being rather too bulky for convenient 
handling, it has been considered desirable that the present 
edition shall consist of two jtorts. In the first of these 
the subjects of morphology and anatomy of vegetative parts 
are dealt with ;I the second will treat of classification and 
vegetable physiology. 

J. REYNOLDS GREEN. 

London : June 1895. 
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